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Study Design. This study investigated the effects of a lumbar support belt on 
lumbar disc deformation and joint angles. Trunk strength and endurance were also 
compared to disc deformation and joint angles to determine if any meaningful 
relationships existed. 
Objective. The purpose of this study was to determine if back support belts 
relieve stresses encountered by the lumbar spine during lifting activities and thus reduce 
the risk of injury. Additionally, trunk strength and endurance measures were collected in 
order to determine if strong, well conditioned trunk musculature aids in the support of the 
lumbar spine. 
Summary of Background Data. Low-back pain and injury are responsible 
for a major portion of lost work days and injury compensation claims. Back support belts 
have been proposed as a counter measure towards reducing low-back injuries in the 
industrial setting. 
Methods. Twelve male subjects (average age, 49.7 years) performed two 
sessions of stoop type lifting with a loaded milk crate (11.5 kg), at a rate of 4 repetitions 
per minute, for a total 15 minutes per session in accordance with the NIOSH 1993 lifting 
Redacted for Privacyequation. The order of testing with and without a belt was randomized for the two 
sessions. Fluoroscopic images were collected prior to and following both lifting sessions. 
Fluoroscopic images were collected with the subjects positioned at the initiation (flexed 
trunk), mid-range, and completion of the lift (erect standing). Images were imported into 
Auto Cad where lumbar disc deformation and joint angles were measured by calculating 
changes in position of adjacent vertebra (L3-4 and L4-5). A reduction of deformation was 
deemed indicative of reduced stress. Trunk extension and flexion strength were measured 
with a Kin Corn isokinetic dynamometer. Trunk flexion endurance was measured via a 60 
second curl-up test. 
Results. Analysis of variance revealed that compressive and shear disc 
deformation were reduced while in the erect trunk posture for the support belt condition 
(p<.05). No significant reduction in disc deformation was detected while in flexed trunk 
postures for the support belt condition (p>.05). A significant inverse relationship was 
detected (p<05) between: abdominal strength and shear stress (flexed trunk positions), 
abdominal endurance and shear stress (erect trunk), and spinal erector strength and L4-L5 
joint angle (erect trunk). 
Conclusions. During stoop type lifting, support belts provide a measurable 
amount of stress reduction of the lumbar spine when the trunk is in the erect posture, with 
little effect during flexed trunk positions. Strong, well conditioned trunk musculature is 
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Chapter I 
Introduction 
Occupational back disorders have plagued man for centuries (Imker, 1994) and 
recent years have shown little departure from this trend. It is estimated that 60-70% of the 
work force will experience at least one serious incidence of sciatica or back strain during 
their lifetime (Andersson, 1981; Pope, Andersson, Frymoyer, and Chaffin, 1991). 
Mitchell et al. (1994) correlated these injury occurrences to average 28.6 lost work days 
per 100 workers per year. The financial burdens associated with work place back 
disorders have been estimated to cost U.S. industry in excess of $50 billion dollars a year 
(Apts, 1992). 
In attempt to reduce occupational back disorders many organizations are 
encouraging their employees to use lumbar support belts. The most common of these is a 
lightweight, flexible, lumbosacral corset (Imker, 1994; M. Hause, personal 
communication, April, 1995). These support belts are proposed to alleviate low back 
stress and thereby reduce the potential for back injury. The possible mechanisms by 
which support belts might relieve stress include: spine intersegmental motion restriction, 
gross body motion restriction, direct transmission of loads through the support belt, 
and/or indirect transmission of loads via increased inner abdominal pressure (Lantz & 
Schultz, 1986). 
Current research directed at resolving the efficacy of support belts has had mixed 
results and national governing bodies have been responsive in stating so. The National 
Institute for Occupational Safety and Health (NIOSH) released a criteria document in May 2 
1994 concerning this issue which was based on the most current relevant research. Their 
conclusions stated: "the effectiveness of using back belts remains unproven" and NIOSH 
"does not recommend the use of back belts to prevent injuries." Additionally, neither the 
Occupational Safety and Health Administration (OSHA) or NIOSH consider back support 
belts to be personal protective equipment (National Institute for Occupational Safety and 
Health [NIOSH], 1994; Occupational Safety and Health Administration [OSHA], 1991). 
Various methodologies have been employed to investigate the effectiveness of 
lumbar support belts. Lantz and Schultz (1986a) examined gross body motion restriction 
afforded by three types of lumbar support orthoses. Their premise being that the 
restriction of upper body movement minimizes body segment weight moments, thus, 
alleviating loads on the lumbar spine. Each of the orthoses restricted upper trunk motion, 
with the lumbosacral corset providing the least restriction to upper trunk motion. Lantz 
and Schultz concluded that all of the orthoses would probably reduce loads in the lumbar 
region. 
Filder and Plasmans (1983) investigated the effects of four types of lumbar 
supports on intersegmental motion restriction of the lumber spine. Lateral radiographs 
were taken of the lumbar spine in maximum extension and flexion with and without each 
support. Each support reduced intersegmental sagittal range of motion, with one support 
significantly restricting L4-L5 and L5 -S 1 motion. 
Another avenue for validating the use of back support belts is based on the 
premise that trunk muscle activity should be reduced when a support belt is worn, thereby 
reducing the accompanying muscle moment on the lumbar spine. Lantz and Schultz 
(1986b) studied the effects of three commonly used braces and corsets on myoelectric 
signals of the oblique abdominals and erector spinae for various seated and standing 
isometric tasks. The results were support and task-dependent, with myoelectric signals 
ranging from 27% reduction to 44% increase depending on the support/task condition. 3 
Infra- abdominal pressure (IAP) has played a controversial role in its relationship 
to the effectiveness of support belts. Increased IAP has been hypothesized to relieve 
spinal compressive loads by a number of possible mechanisms. One such hypothesis 
suggests that when the trunk musculature contracts, the thoracic and abdominal cavities 
act as "rigid wall cylinders", potentially resisting compressive loads that would otherwise 
be placed on the lumbar spine (Morris & Lucas, 1964). 
Another hypothesis suggests that the spinal compressive loads are reduced by a 
trunk extensor moment which is generated by increased IAP (Bartelink, 1957; Morris, 
Lucas, & Bresler, 1961). The extensor moment associated with increased IAP is thought 
to reduce the muscle activity of the trunk extensors, and hence reduce spinal 
compression. The magnitude of the extensor moment is dependent on the estimated size 
of the diaphragm area and related moment arm connecting the diaphragm to the lumbar 
region and has "a major effect on the conclusions reached about the role of IAP" (McGill 
& Norman, 1993).  Increases in IAP are accompanied by increases in abdominal 
muscle activity. The co-activation of the abdominals places an additional compressive 
load on the lumbar spine as well as a trunk flexion moment. This trunk flexion moment 
requires additional extensor muscle activity to maintain equilibrium (McGill, Norman, & 
Sharratt, 1990). Support belts are proposed to allow increases in IAP while minimizing 
the penalty of co-activated abdominal muscle tension, thus providing the "cornerstone for 
prescription of abdominal belts to industrial workers" (McGill & Norman, 1993). 
McGill, Norman, and Sharratt (1990) studied the effects of belt wearing on trunk 
muscle activity and lAP during squat lifts. Their hypothesis was that if direct compressive 
loads on the spine were reduced or IAP extensor moments were significant, then there 
would be an accompanying reduction in trunk extensor muscle activity afforded by the 
support belt. Additionally, abdominal muscle activity was monitored to determine if 
support belts could minimize the negative co-activation of the abdominal muscles 
associated with increased IAP. The results demonstrated that belt wearing did increase 4 
IAP, however no differences were detected for abdominal or spinal erector muscle 
activity. Further, breath holding did appear to lower spinal erector activity, suggesting a 
reduction in compressive loads on the lumbar spine. Belt wearing did not further facilitate 
this unloading. The authors concluded that it would be unjustified to prescribe support 
belts based on their findings. 
Nachemson, Schultz, and Andersson (1983) measured intradisc pressures (DP) 
of subjects wearing five different lumbar support orthoses performing six different tasks. 
The assumption was that reduced spinal compressive loads would correlate with lower 
intradisc pressures and this would presumably occur during the with orthoses-conditions. 
The effectiveness of the orthoses were task and subject-dependent. Intradisc pressures 
(IDP) with an orthosis were reduced in about two-thirds of the tasks and increased in the 
others. Greater IDP were found in flexion-resistant tasks and were reduced during 
extension-resistant or weight-holding tasks as a result of orthoses wearing. Additionally, 
no orthosis was found superior over the others in terms of the mechanical variables 
measured. Their findings suggested that "an orthosis can at least sometimes result in 
significant unloading of the lumbar trunk structure." 
The National Institute for Occupational Safety and Health (NIOSH, 1994) 
critiqued these and other pertinent research efforts related to the efficacy of support belts. 
Their criticisms included: lack of meaningful consensus among results, lack of subject 
numbers and statistical power, subject pools nonrepresentative of a cross section of age, 
race, and gender, inapplicability of loads, tasks performed, as related to workplace 
standards, as well as the limited types of back supports studied. 
A criticism absent from NIOSH's criteria document relates to the limited focus of 
these various research efforts. These research efforts focused primarily on the ability of 
support belts to relieve spinal compressive loads as their measure of effectiveness. The 
justification for this focus is based on the premise that compressive loading is responsible 
for low back injuries. One current theory suggests that cumulative micro trauma to the 5 
disc endplates as a result of compressive loading leads to subsequent nutrient deprivation 
of the disc via disruption of the inbibition process. Disc degeneration results, with an ever 
increasing probability of injury (Calliet, 1988). In vitro studies of lumbar functional units 
under compressive loading support this hypothesis (Brown, Hansen, & Yorra, 1957; 
Roaf, 1960; Virgin, 1957). 
Based on the underlying assumption that lumbar discs are failing as a result of 
chronic and/or acute compressive loading, the majority of studies have focused on the 
ability of the support belt to alleviate spinal compressive stresses with little attention given 
to the effect on shear loading. In fact, the lumbar functional unit resists compression, 
anterioposterior and lateral shear forces, as well as bending and twisting moments 
(McGill, 1995; Nachemson, Schultz, & Andersson, 1983). To truly assess the 
effectiveness of lumbar support belts, research must investigate in what manner the 
support belts affect the lumbar functional unit in resisting each of the aforementioned 
loading patterns. Additionally, research should address whether support belts may 
improve the stability and/or stiffness of the lumbar spine (which could be the ultimate 
result of increased IAP). 
The revised NIOSH equation (Waters, Putz-Anderson, Garg, & Fine, 1993) for 
manual lifting tasks identifies the spinal "compressive force as the critical stress vector." 
The identification of the compressive force as the critical stress vector in low back injury 
was in part due to the "uncertainty regarding the effects of shear stress." 
Most solid materials fail in shear prior to compression (Gere & Timoshenko, 
1990). Mechanical testing of the intervertebral disc, which is viscoelastic in nature 
(Virgin, 1951), suggests that Young's modulus is 2.5 to 3.0 times as great as the 
modulus of rigidity for the annular ground substance (Shirazi-Adl, Ahmed, & 
Shrivastava 1986). Lin, Liu, and Adams (1978) reported loads an order of magnitude 
greater in compression as compared to shear to elicit similar deformation levels. Berkson, 
Nachemson, and Schultz (1979) reported lumbar motion segments were approximately 6 
five times more resistant to compressive loading as compared to shear loading. 
Additionally, Cal liet (1988) states that the lumbar disc will experience outer annular tears 
at five degrees of rotational torque (a form of shear), which further suggests the vertebral 
disc's vulnerability to shear loading. 
Although the disc is considered viscoelastic in nature, the preceding mechanical 
behaviors exhibited by the disc suggest that discs fail in shear long before failing in 
compression. Failures at the disc endplate-annular fiber interface could then be 
hypothesized to be to a greater extent related to shear loading as opposed to compressive 
loading. 
Based on this hypothesis, it is possible that previous investigators overlooked the 
root mechanism by which support belts function, the protection of the lumbar spine 
through the reduction of shear loading. 
Statement of the Purpose 
The purpose of this study was to investigate the effects of a commonly used 
support belt on both the anterior shear and compressive loading of the lumbar spine. 
Lateral fluoroscopic images of the lumbar spine under load provided the means for the 
quantification of compressive and anterior shear deformation of the lumbar discs. The 
lumbar spine was loaded via subjects performing sagittal plane stoop lifting in accordance 
with NIOSH guidelines (NIOSH, 1994). In vivo compressive and anterior shear disc 
deformation between belted conditions served as the primary factor in determining the 
effectiveness of the support belt. Disc deformation was quantified in a manner consistent 
with Kanayama et al. (1995). The L3-L4 and L4-L5 joint angles were also measured as 
they have been correlated to forms of low back pain (Calliet, 1988). Comparison of these 
joint angles for between support belt conditions served as a secondary measure of the 
effectiveness of the support belt. Additionally, trunk isokinetic strength and abdominal 7 
endurance measures were collected and correlated with disc deformation levels under 
load. This could provide evidence that strong trunk musculature and abdominal endurance 
aids in the support of the lumbar spine. 
Hypotheses 
It was hypothesized that wearing a support belt would reduce anterior shear and 
compressive deformation of the intervertebral discs L3-L4 and L4 -L5. Disc deformation 
would be minimized during belted conditions, thereby suggesting that the belt is in some 
manner supporting the lumbar spine. Additionally, it was hypothesized that changes in 
the L3-L4 and the L4-L5 joint angle would be minimized with the use of a support belt. 
Further it was hypothesized that trunk isokinetic strength and abdominal 
endurance would correlate to disc deformation values and sacral angles. Stronger 
isokinetic trunk strength and abdominal endurance would be reflected in reduced disc 
deformation measures, as well as reduced changes in he L3-L4 and the L4-L5 joint angle. 
Definitions 
Area Moment of Inertia is a measure of mass distribution about the centroid. 
Fowler's position is a when the body is in a supine position with the hips and 
knees flexed at 90 degrees and the shank of the legs supported. 
Fluoroscopic images are images generated from radiation passing through the 
body and striking a fluorescent screen, generating a real time image of the body part of 
interest. 
L3-L4 joint angle is the relationship between the caudal border of the L3 
vertebra and the cranial border of the IA vertebra from the sagittal perspective. 
L4-L5 joint angle is the relationship between the caudal border of the L4 
vertebra and the cranial border of the L5 vertebra from the sagittal perspective. 8 
Longitudinal strain is the ratio of the change of length of a line to its original 
length. 
Lumbosacral joint angle is the relationship between the caudal border of the 
L5 vertebra and the cranial border of the Si vertebra from the sagittal perspective. 
Modulus of rigidity is the linear relationship between shear stress and strain. 
Normal stress is the internal force per unit area, acting perpendicular to the area 
of contact of an object experiencing an external load. 
Radius of Gyration is the distance from the axis at which the entire area could 
be concentrated and still have the same moment of inertia as the original area. 
Radiographs are photographs taken by means of X-rays. 
Roentgenographs are synonymous with radiographs. 
Sacral angle or sacrohorizontal angle is the relationship of the sacrum to the 
horizontal plane from the sagittal perspective. 
Shear strain is the angular deformation incurred by an object in response to an 
external load. 
Shear stress is the internal force per unit area, acting parallel to the area of the 
contact of an object experiencing an external load. 
Slenderness Ratio is a ratio of column length to radius of gyration. 
Spinal shrinkage is the reduction in spinal length due to loading. 
Stability is the ability of a structure to resist buckling under a compressive load. 
Stiffness is the ability of a structure to resist changes in shape. 
Strain is the geometric configuration change that a body undergoes due to an 
external force. 
Stress is the internal force per unit area which an object exerts in response to an 
external load. 
Support belt is used synonymously with weightlifting belt, lumbar belt, 
abdominal belt, corset, and orthosis. 9 
Viscoelastic materials exhibit the characteristics of creep and stress relaxation.
 
Young's modulus is the linear relationship between normal stress and strain.
 
Scope of the Study 
The results of this study are delimited to the following conditions: a) the support 
belt used during the study (Ergodyne Proflex 2000 SF ®), b) the 11.5 kilogram load to 
be used during the lifting tasks, c) stooped lifting from which lateral fluoroscopic images 
were taken, and d) males 40 to 55 years of age. 
Assumptions 
Research efforts inherently include "fundamental premises without which it could 
not proceed" (Thomas & Nelson, 1985) and this study is no exception. The following 
assumptions provide the foundation of this research: intervertebral discs reached 
equilibrium when the fluoroscopic images were taken, disc deformation was measured in 
the sagittal plane assuming symmetrical frontal plane deformation, and fluoroscopic 
images can provide the resolution necessary to detect differences in disc deformation for 
between-belted conditions. 
Limitations 
The limitations of this investigation relate to the selection of the back support 
used, body positions which fluoroscopic images were taken, and the subject pool. 
NIOSH has collected and grouped the majority of support belts on the market into 
seven categories based on their characteristics (M. Hause, personal communication, 
April, 1995). The belt selected for this study was the Ergodyne Proflex 2000 SF ®. This 
belt is from the category which consists of approximately 50% of all the belts collected 10 
and categorized. The characteristics of this belt category are: stretchable, bendable, no 
lumbar support, and a width of 6.1 to 9 inches. Therefore, results of this study cannot be 
generalized to belts with differing characteristics. 
Lateral fluoroscopic images (digital spot films) were taken of subjects lifting from 
a stooped position with spine flexed to the erect standing position for the between belted 
conditions. Therefore, the results of this study cannot logically be applied to other static 
body positions or dynamic activities. Additionally, assessment of the reproducibility of 
the image collection was not performed due to the ethical usage of added radiation (Filder 
& Plasmans, 1983). 
Finally, male subjects 40 to 55 years of age were recruited for this study. 
Generalizing results to sectors of the population outside this age range would be 
inappropriate. 11 
Chapter II 
Review of Literature 
The goal of this chapter is to review the recent literature as related to the various 
aspects of this research effort. This chapter will emphasize the following areas: a) lumbar 
support belts as a means of protecting the spine, b) radiography as a method of studying 
the spine, and c) stature loss as measure of spinal loading. The portion of this chapter 
related to lumbar support belts will exclude studies which focus on support belts as a 
mechanism of subject rehabilitation and instead focus on their supportive or immobilizing 
characteristics. This review will summarize the relevant research in a chronological 
fashion in an attempt to provide a historical perspective of the content area culminating in 
the current state of the scientific process. Details as to subjects, tasks, loads, 
methodology, and instrumentation facilitated in each study are summarized in order to 
provide perspective relative to criticisms which these previous research efforts have been 
subjected. 
Lumbar Support Belts as a Means of Protecting the Spine 
Norton and Brown (1957) were pioneers in the area of back brace research. Their 
early effort focused on the sagittal plane immobilizing efficiency of back braces on the 
lumbar spine. The types of lumbar supports investigated included "examples of short and 
long supports, both with and without thoracic bands and lateral uprights." Their 
methodology included a combination of photography, motion pictures, roentgenograms, 
and Kirshener-wire markers inserted into the spinous process in order to determine the 
immobilizing effects of back braces on healthy males during standing, sitting, bending, 
and squatting positions. None of the braces were found to provided "adequate" 
immobilization of the lumbar vertebrae or the lumbosacral joint. Surprisingly, long braces 12 
(those extending from the sacrum into the thoracic region) actually increased lumbar 
region flexion, presumably by transmitting motion reductions in thoracic region to the 
lumbosacral juncture. 
Monis and Lucas (1964) discussed their clinical findings relative to the 
immobilizing efficiency of back braces. Their discussion covered the three-point fixation 
system of immobilizing or supportive braces. In mechanical terms, the brace applies two 
counter forces, separated by a corrective (or immobilizing) force which is applied in a 
direction opposite the counter forces. If this corrective force is located halfway between 
the counter forces, the bracing system is "fairly efficient." For this reason the authors 
state that a long spinal brace (a brace which extends from the thoracolumbar region 
through the lumbosacral region) will provide good immobilization of the thoracolumbar 
region, but noted that it may actually increase lumbosacral mobility. If however the 
corrective force is applied close to one of the counter forces, mechanical efficiency is 
reduced markedly. For example, applying the three-point fixation system to the 
lumbosacral region is difficult. The short distance between the corrective force and the 
counter force applied at the pelvis results in a "small inadequate immobilizing force at the 
lumbosacral joint." Their discussion of the three-point fixation system supported Norton 
and Brown's (1957) earlier findings of increased mobility in the lumbar region as a result 
of long braces. 
Lumsden and Morris (1968) extended Norton and Brown's (1957) efforts into the 
transverse plane, investigating the effects of corsets and braces on axial rotation of the 
lumbosacral joint. Ten male subjects 21 to 32 years of age had Steinmann pins inserted 
into the spinous process of L5 and right and left posterior iliac spines. Rotation 
transducers were then used to monitor lumbosacral rotation during standing, straddling, 
and walking for corseted, braced, and non-supported conditions. The results could be 
summarized as follows: braces were "relatively effective in restricting rotation", "effects 
of lumbosacral corsets on rotational immobilization were varied and unpredictable", and 13 
during normal walking braces and corsets actually increase lumbosacral rotation. The 
authors hypothesized that restricted rotation of the superiorly oriented lumbar motion 
segments caused an increased (or compensation) rotation at the lumbosacral junction. 
These findings were consistent with the results of Norton and Brown's (1957) sagittal 
plane investigation which demonstrated a transfer of motion to the lumbosacral joint from 
restricted motion in the thoracolumbar region. 
Waters and Morris (1970) investigated the effects of a lumbosacral corset and a 
chair back brace on trunk musculature electrical activity during standing and walking 
tasks. Ten young adult male and female subjects had electrodes (EMG) inserted into the 
following trunk muscles: longissimus dorsi, iliocostalis lumborum, iliocostalis dorsi, 
multifidus, rotatores, rectus abdominis, obliquus externus abdominis, and obliquus 
internus abdominis. Differences in muscle activity between orthosis and no-orthosis 
conditions were measured. The results were extremely task and subject dependent. 
However, the authors did arrive at the following conclusions: both supports either 
reduced or had no effect on back muscle activity while standing, neither support had a 
significant effect on back muscle activity during "comfortable" walking, and the chair 
back brace caused an increase in back muscle activity during fast paced walking. The 
authors felt that the increased back muscle activity likely reflected the "muscle exertion of 
the back muscles as they attempt to over come the immobilizing effects of the brace." 
Grew and Deane (1982) studied the effects of five types of back supports on 
lumbar range of motion, skin temperature, and intra-abdominal pressure (IAP). The study 
included two subject groups, ten healthy males and eight males (previous low back pain 
sufferers), mean 37 and 42 years of age respectively. Each group performed the 
following tasks: lying, sitting, standing, walking, and several lifting postures utilizing a 
15 kg load. Measurements of spinal movement were collected with a vector stereograph 
and a pelvic constraint frame. Thermisistors recorded skin temperature and pressure 
transducers inserted rectally allowed for measures of intra-abdominal pressure. The 14 
results are summarized as follows: rigid back supports impeded range of movement 
"considerably", fabric back supports were less restrictive then rigid back supports, each 
of the back supports increased the local skin temperature, each back support raised resting 
IAP an average of 15% in all postures, back supports significantly raised IAP in walking 
and seated postures, the back supports had no significant effect on peak IAP during 
lifting activities, for IAP "there were no significant inter-support differences " and "no 
clear patterns emerged from the IAP results." 
Nachemson, Schultz, and Andersson's (1983) study investigated the mechanical 
effectiveness of five different orthoses. Healthy subjects consisting of three males and 
one female 19 to 23 years of age performed six different isometric loading tasks with and 
without each of the spinal orthoses. Intradiscal pressure (IDP), infra- abdominal pressure 
(IAP), and EMG measures were collected for each condition. IDP was measured via a 
sub-miniature pressure transducer constructed into the tip of a needle and inserted into the 
subject's third lumbar disc. IAP was measured through the use of a pressure-sensitive 
radio transducer which the subjects swallowed and a remote receiver. Myoelectric activity 
of the spinal erectors and abdominals was monitored with 12 pairs of surface mounted 
electrodes. The effectiveness of the orthoses were task and subject dependent. Greater 
IDP were found in flexion resistant tasks and were reduced during extension resistant or 
weight holding tasks as result of orthoses wearing. Additionally, no orthosis was found 
superior over the others in terms of the mechanical variables measured. Their findings 
suggested that "an orthosis can at least sometimes result in significant unloading of the 
lumbar trunk structure." 
Filder and Plasmans (1983) explored the effects of four different lumbar supports 
on sagittal plane segmental mobility of the lumbosacral spine. The supports investigated 
were a canvas lumbosacral corset, a Raney flexion jacket, a Baycast jacket, and a Baycast 
spica. Each support was analyzed with a separate group of five healthy males. Each 
subject had lateral radiographs taken in maximum extension and flexion, "first without 15 
and then with support so that each subject acted as his own control." The canvas corset 
reduced motion segment angular displacement by nearly two-thirds from L 1-S1. The 
Raney and Baycast jackets reduced the central lumbar angular displacements by one-third, 
and the Baycast spica was most effective in reducing angular displacement in L4-S1. 
Lantz and Schultz (1986a) explored the effects of three commonly prescribed 
corsets and back braces on the restriction of gross body motion. Five healthy males 21 to 
36 years of age performed flexion, extension, lateral bending, and twisting movements in 
sitting and standing postures. Three dimensional cinematographic analysis of the motions 
was performed for each condition. The effectiveness of an orthosis in limiting trunk 
motion was expressed by computing the percent of motion restricted, with the no-orthosis 
range of motion serving as 100% of gross trunk motion achievable. Each of the orthoses 
restricted some trunk motion, while some motions were restricted by less then 10%, 
others were restricted 50-65% of no-orthosis motion. The authors concluded that all of 
the orthoses would probably reduce loads in the lumbar region. 
In a similar study Lantz and Schultz (1986b) examined the effects of the three 
aforementioned corsets and braces (Lantz & Schultz, 1986a) on trunk muscle activity 
(EMG). Five healthy college age adult males performed a series of isometric tasks 
involving a moderate level of exertion. The isometric tasks were performed while wearing 
each orthosis and during a no-orthosis condition. Myoelectric activity (EMG) was 
collected via surface mounted electrodes located on the erector spinae and external oblique 
abdominal muscle. The effectiveness of each orthoses was determined by expressing the 
EMG signal for a given orthosis condition as a percentage of the EMG signal of the no­
orthosis condition. The results were extremely support and task dependent with 
myoelectric signals ranging from 27% reduction to 44% increase depending on the 
support/task condition. The authors concluded that "none of the orthoses were 
consistently effective in reducing measured EMG" and in many cases, EMG signals were 
increased during the orthoses conditions. 16 
Kumar and Godfrey (1986) collected intra-abdominal pressure (IAP) values of 
subjects wearing six commonly prescribed back supports. Healthy subjects consisting of 
eleven males and nine females performed lifting tasks (9 kg male, 7 kg female) in sagittal, 
lateral, and oblique planes. Peak and sustained IAP for belted conditions were not 
consistently greater or lower then unbelted conditions. Additionally, no difference among 
back supports was detected for males or females. The authors suggested that the choice of 
spinal supports should not be based on the criteria of abdominal support. 
McCoy, Congleton, and Johnson (1988) evaluated the role of back belts in the 
psychophysical domain of manual lifting. Twelve healthy males 19 to 28 years of age 
were subjected to a lifting task defined as the perceived maximum acceptable workload 
which was the product of maximum acceptable weight, height lifted, and number of lifts 
per minute. Subjects lifted a tote box from the floor to knuckle height at a rate of three 
lifts per minute at subject maximum weight. Abdominal pressure was measured by 
placing a bladder between the belt and the abdomen during the lifting sessions. Following 
each test, the subjects completed a survey of their perceptions as related to the task 
performed. The results are summarized as follows: there was a significant increase in 
maximum acceptable workload when the subjects were wearing a belt, no differences in 
maximum acceptable workload were detected between the two belts, and no differences in 
abdominal pressure were detected between the two belts (comparison to the non-belted 
condition was not possible). 
Harman, Rosenstein, Frykman, and Nigro (1989) conducted a study titled the 
effects of a belt on intra-abdominal pressure during weightlifting. One female and eight 
males with average age 28.2 years, with varying levels of noncompetitive weightlifting 
experience performed deadlifts at 90% of their one repetition maximum, with and without 
a standard weightlifting belt. Ground reaction forces and IAP were measured with a force 
platform and a catheter pressure transducer inserted nasally. The following were reported 
as significantly greater while wearing the belt: peak IAP, IAP impulse from initial surge 17 
to lift-off, peak rate of 1AP following its initial surge, and average 1AP from lift-off 
through lift completion. The authors stated that these increases in IAP were likely 
reducing compressive forces on the lumbar spine and improving safety. 
Hunter, McGuirk, Mitrano, Pearman, Thomas, and Arrington (1989) researched 
the effects of a weight training belt on blood pressure during exercise. One female and 
five males who were free of injury or back pain performed three activities with and 
without a standard weight belt. The three exercises were: six minutes of aerobic cycle 
ergometry @ 60% of VO2 maximum, three sets of ten repetitions of one arm dumbbell 
bench press @60% of one repetition maximum, and an isometric deadlift @40% of one 
repetition maximum for two minutes. Systolic blood pressure and heart rate were 
measured as well as abdominal pressure via a bladder inserted between the belt and the 
abdomen connected to a sphygmomanometer. The results of the study included: mean 
systolic pressure increased significantly for aerobic cycling and isometric deadlift during 
the belted conditions, heart rate increased significantly for aerobic cycling during the 
belted condition, and abdominal pressure exerted by the belt increased with all three of the 
exercises. The results suggested that the use of a weight lifting belt could place added 
burden on the cardiovascular system and may pose added risk to individuals with 
compromised cardiovascular systems. 
Lander, Simonton, and Giacobbe (1990) investigated the potential benefit of 
wearing a weight belt while performing the squat exercise. Six "skilled" male adult 
volunteers performed the squat at 70%, 80%, and 90% of their one repetition maximum 
for three belted conditions: a heavy leather, light leather, and no-belt condition. Data were 
collected with a force plate, 1AP with rectal transducers, EMG of trunk musculature, and 
kinematic data from cinematography. Utilizing a biomechanical model, spinal 
compressive and shear forces acting on L5/S1 were calculated via data collected and 
assumptions made related to abdominal cross-sectional area, anthropometric data, and 
spinal erector moment arm length. Model predicted calculations suggested that the two 18 
belted conditions had "significantly smaller forces than the non-belted conditions" acting 
at L5/S1. The authors concluded that weight belts can facilitate trunk support through 
increased IAP. 
McGill, Norman, and Sharratt (1990) also studied the effects of an abdominal belt 
on trunk muscle EMG and IAP during squat lifts. Six male subjects (25.7 years of age) 
performed squat lifts on a lifting apparatus at a self determined intensity, which was 
perceived heavy but could be lifted safely. The conditions consisted of breath-holding 
versus breath-exhaling for comparison between a "standard" leather lifting belt, an 
ergogenic corset, and a no-belt condition. IAP was monitored with a pressure catheter in 
the stomach, and EMG levels of the rectus abdominis, external oblique, internal oblique, 
intercostal, and erector spinae were collected with surface electrodes. The results were as 
follows: IAP was significantly higher in the belted conditions, breath-holding increased 
IAP significantly (independent of belt use), no significant interaction was detected 
between the belted and breath-holding conditions, the ergogenic corset increased IAP 
only slightly, and EMG activity showed mixed results between the varying conditions 
making generalizations from the data rather speculative. The authors concluded that it 
would be unjustified to prescribe support belts based on their findings. 
Walsh and Schwartz (1990) titled their research effort "the influence of 
prophylactic orthoses on abdominal strength and low back injury in the workplace." The 
subjects consisted of 81 warehouse workers separated into three equal sized groups and 
were placed in a six month intervention program. The first group received a one hour 
training session on lifting safety and received no orthosis, the second group received a 
one hour training session on lifting safety and a custom fitted lumbosacral orthosis, and 
the third group was a control receiving no training or orthosis. The dependent variables 
consisted of abdominal flexion strength, productivity, injury rate, and lost work time. 
None of the groups exhibited any differences in abdominal flexion strength, productivity, 
injury rate or lost work time, with the exception of the trained/orthoses group which 19 
demonstrated less lost work time. The authors concluded that use of a prophylactic back 
support has no adverse effects on abdominal strength and may reduce lost work time. 
Woodhouse, Heinen, Shall, and Bragg (1990) measured the effects of 
lumbosacral supports on isokinetic lifting parameters. Ten male athletes performed three 
maximal isokinetic squat lifting trials at 61, 76, and 91 cm/sec for each of three belted 
conditions. The belted conditions consisted of a modified weight-lifting belt, an industrial 
type lumbosacral corset, and a no-belt condition. The parameters measured were peak 
force, total muscular work, and average muscular power. No significant differences were 
found in peak force, total muscular work, or average muscular power when comparing 
the belted conditions to the no belt condition. However, there was a trend towards greater 
peak force and greater average muscular power while wearing a belt. No differences 
were detected between the two belts. 
Bourne and Reilly (1991) attempted to determine the effect of a "standard" 
weight-lifting belt on spinal shrinkage during circuit weight training. Eight healthy male 
subjects (mean age 25 years) who were experienced weightlifters performed a circuit of 
the following exercises: deadlift, high pull, squat, clean, bent-over row, and the biceps 
curl. Four subjects performed the circuit with a weightlifting belt and four subjects 
without a weightlifting belt. A stadiometer, an apparatus built to reliably measure stature, 
was utilized to measure stature following the circuit training session. Additionally, the 
absolute visual analog scale (AVAS) was used to measure perceived pain and discomfort 
prior to and following circuit training session. The stature loss for the belted group was 
less than the no-belt group, however it was not considered significantly different. The 
belted group experienced significantly less pain and discomfort than the no-belt group. A 
correlation between spinal shrinkage and pain and discomfort was significant within the 
non-belted group. The authors concluded that absolute spinal shrinkage can be reduced 
with the use of a lifting belt and can significantly reduce the associated pain and 
discomfort. 20 
Hilgren and Smith (1991) examined the impact of two types of back supports on 
spinal forces during manual lifting tasks. Five healthy males experienced in manual lifting 
tasks lifted weighted boxes (11.5 kg to 31.5 kg in 5 kg increments) from the floor to 
knuckle height. These series of lifting tasks were performed with an inflatable bladder 
belt, an elastic type belt, and a no-belt condition. The following measures were recorded: 
three dimensional kinematic data, force platform data, and EMG via skin mounted 
electrodes of the spinal erectors and external oblique. Utilizing a biomechanical model, 
the authors reported that: predicted IAP was virtually the same between the belted 
conditions, and the non-belted condition produced the lowest compressive and shear 
forces throughout the lifts. Curiously, the authors concluded that abdominal belts were of 
some benefit during lifting tasks in spite of their results. 
Holmstrom and Moritz (1992) performed a follow-up study of construction 
workers and the effects of lumbar belts on trunk isometric muscle strength. One group 
consisted of 12 healthy male construction workers who were assigned the use of a soft 
heat retaining belt, while the second group consisted of 24 construction workers with 
current or previous low back pain and were assigned a weightlifting belt. Isometric trunk 
flexion and extension strength and endurance measures were collected prior to the belted 
intervention, after one month of belt use, and after two months of belt use. The soft belt 
group demonstrated a significant increase in trunk flexor strength after two months of 
intervention. Likewise, the weight belt group significantly increased trunk flexor strength 
and endurance after two months of intervention. Neither group demonstrated a significant 
reduction in trunk strength or endurance levels following the two month intervention. The 
results suggest that use of a support belt does not lead to muscular detraining or a 
dependency on the support belt. 
Lander, Hundley, and Simpton's (1992) research effort was titled "the effects of 
weight-belts during multiple repetitions of the squat exercise." Five healthy male subjects 
who were skilled in the execution of the back squat performed eight repetitions at 75-80% 21 
of their one repetition maximum. Each subject executed this task for a no-belt and a belted 
condition, a belt typical used by competitive powerlifters. Kinematic data, force platform 
output, IAP via intra-rectal transducer, and EMG of the external oblique, erector spinae, 
vastus lateralis, and biceps femoris were collected. No significant differences were 
detected for postural or force platform variables. IAP was significantly increased from 
25-40% for the belted wearing condition over the no-belt condition. EMG values showed 
little change between conditions. Interestingly, the up phase (or ascent phase of the lift) of 
the belted repetitions was of significantly less duration than the no-belt condition. The 
authors suggested that this may account for the similar EMG values in light of significant 
increases in IAP, which should have presumably reduced EMG levels for the belted 
conditions. 
Reddell, Congelton, Huchingson, and Montgomery  (1992) evaluated the 
effectiveness of an intervention program consisting of a weightlifting belt and injury 
prevention training classes on injury rates. The goal of the study was two-fold, first, 
could this type of intervention reduce work site injuries and second, what effect on injury 
occurrence would follow if belt use was discontinued. Subjects consisted of 896 airline 
baggage handlers who were separated into four groups. One groups received training in 
safe lifting procedures, a second group received a weight training belt, the third received 
both training and a weight belt, and the forth was a control group. The authors reported 
no differences between groups for total injuries, restricted workday case injuries, and for 
severity. However, the injury rate of the intervention group which discontinued the use of 
the weight belts was greater than that of the control group or the group which maintained 
belt usage. The authors concluded that neither training or belt use was effective in 
reducing injury rate. 
Mitchell et al. (1994) explored the cost-effectiveness of employer-issued back 
belts in areas of high risk for back injury. In this retrospective study,  1316 workers who 
routinely performed lifting tasks completed a questionnaire. The questionnaire covered 22 
the period of 1985-1991 and quantified exposure to lifting frequency, weight of  lifts, 
percentage of  the day spent lifting, belt usage, training, and history of  back disorders. 
The belts utilized during the period of 1985-1986  were leather lifting belts and a standard 
Velcro back support with suspenders was used for the remainder of the period. Previous 
back problems and amount of  weight lifted per day were positively correlated with the 
first occurrence ofback injury, while previous training and belt usage were negatively 
correlated with first occurrence of  back injury. A cost analysis comparing the expenses 
related to injuries for belted and non-belted workers revealed that injuries occurring 
during belted conditions carried a greater cost per injury. The authors stated that the 
limited benefits of  back belts does not merit their use in the work place. 
McGill, Seguin, and Bennet (1994) studied the effect ofbelt wearing and breath 
holding on the passive stiffness ofthe upper torso. Subjects consisted of 22 males and  15 
females with a mean age 21 and were free of back disorders for the year prior to testing. 
Two frictionless "floating" jigs which allowed for independent movement between the 
upper and lower torso were constructed to measure torso stiffness in three orthogonal 
planes: flexion-extension, lateral bending, and rotation. A 3-SPACE Isotrak system 
which monitors changes in position within a magnetic field was used to measure lumbar 
kinematics. External torque was applied in each plane until the subject's level of  tolerance 
was reached. This process was repeated for three conditions: wearing a leather lifting 
belt, holding breath at maximal voluntary inhalation while wearing a belt, and a no-belt 
no-breath holding condition. The following were among the reported results: during 
flexion no differences were detected between the three conditions, in extension the torso 
stiffened for males who held their breath, belt wearing significantly increased torso 
stiffness for males and females during lateral bending, and while twisting both belt 
wearing and breath holding significantly increased torso stiffness in males. The authors 
concluded that belts and breath holding appear to increase trunk stiffness in the frontal 
and transverse planes with little effect on sagittal plane torso stiffness. 23 
Ciriello and Snook (1995) "investigated the effects of wearing a weight lifting belt 
on endurance and fatigue characteristics of the extensor muscles of the spine." The goal 
was to determine if belt wearing might maintain or "preserve" endurance levels of the 
spinal extensors. The methods consisted of 13 male industrial workers lifting and 
lowering boxes (average weight 28.1 kg) a height of 76.2 cm over a 4 hour session. The 
subjects repeated the task on separate days, with and without a weight lifting belt. The 
dependent measures collected were a 30 second EMG signal at 80% maximum isometric 
contraction and a 50 repetition maximum isokinetic endurance test on a Polaris back 
extension machine, prior to and following the lifting sessions. No differences between 
maximum isokinetic endurance scores or EMG signals were detected between the belted 
and unbelted conditions. The data did not support the contention that support belts might 
"preserve" endurance characteristics of the spinal musculature. 
Reyna et al. (1995) studied the effects of support belt on muscle strength and 
lifting capacity. Male and female subjects (n = 22) performed isometric lumber extension 
tests at 7 different trunk angles on a MedX testing device. Additionally, the subjects 
performed a dynamic lifting capacity test where a "progressively" loaded milk crate was 
lifted onto varying shelve heights. Both tests were performed with and without a support 
belt. No statistical improvement in isometric lumber extension strength or dynamic lifting 
capacity was detected due to the use of the support belt. 
McIntyre, Bolte, and Pope (1996) reported the results of a epidemiological study 
in which 36,000 employees at the Home Depot stores in California took part. In 1990 the 
organization embarked on a "mandatory" belt wearing policy. Compliance of the program 
was monitored via "unannounced walk-through" audits conducted at each Home Depot 
location. The rate of low back injuries dropped from 30.6 per million hours to 20.2 per 
million hours following the implementation of the mandatory belt program. The others 
concluded the study found a "big effect for such a simple countermeasure" and that it 
would be pretty hard to argue the results of the study "as a chance phenomenon". 24 
Smith et al. (1996) attempted to determine the effect of a support belt on lifting 
ability in healthy women. The study also focused on whether or not support belts might 
be of greater benefit to those with weaker abdominals. Healthy women aged 20 to 40 
years (n= 69) were divided into three groups based on abdominal muscle strength. Each 
group then performed maximum lifts from the floor to waist height, with and without a 
support belt. The results demonstrated that the belted conditions yielded significantly 
greater ability to lift weight from the floor. Additionally, support belts did not provide a 
greater benefit to those with weaker abdominals. Although a significant improvement a 
lifting ability was measured due to belt wearing, the authors concluded that it was "not 
sufficient to advocate the use of lumbosacral support belts to increase lifting capacity." 
Granata, Marras, and Davis (1997) attempted to demonstrate the effects of elastic, 
leather, and orthotic lifting belts on trunk motion, EMG, and lumbar spine loading for 
both symmetric and asymmetric lifting. Fifteen male subjects lifted boxes (14 kg and 23 
kg) from a platform of varying height to an erect standing posture. The task was 
performed for symmetric sagittal plane lifting and from an asymmetric starting position 60 
degrees out of plane. Lifting exertions were performed for elastic, leather, orthotic lifting 
belts, and a non-belt condition. The elastic belt was the only belt which reduced trunk 
motion in all three planes, while the orthotic belt actually increased the lifting moments. 
EMG signals varied only during the elastic belt condition. Additionally, a significant 
reduction in spinal loading was associated with the elastic belt condition. The authors also 
noted that the results demonstrated a large inter-subject variability where some subjects 
actually experienced increased spinal loading during belted conditions. Due to the large 
inter-subject variability, the authors cautioned against "universal prescription" of back 
belts to the general population. 
Udo and Yoshinga (1997) examined the effects of a support belt on intra­
abdominal pressure for varying weights and sagittal plane bending angles. Male subjects 
(n = 10) held weights of 0, 10, 20, and 20 kg at trunk angles of 0, 30, 60, and 90 25 
degrees for approximately 5 seconds each. Intra-abdominal pressure was estimated by 
placing a blood pressure cuff between the support belt and the abdomen and measuring 
the pressure exerted on the cuff after the weight had been held for 4 seconds. At each 
angle, intra-abdominal pressure increased significantly as the weight held increased. The 
authors concluded that the lifting belt would be effective at facilitating increased intra­
abdominal pressure due to the sensitive response of intra-abdominal pressure to low back 
load. Curiously, the authors did not have a non-belted set of intra-abdominal pressure 
data for comparison. 
Support Belt Summary 
The following generalizations can be concluded from the aforementioned research 
efforts and should be considered when evaluating the potential use of back belts in the 
work place: 
1. Gross trunk range of motion is reduced through the use of lumbar support 
belts. 
2. Intervertebral motion is restricted from L4-S1 through the use of lumbar 
support belts. 
3. Intervertebral motion restriction in one region (thoracic) of the spine may cause 
a compensatory increase in intervertebral motion in another area (lumbar). 
4. Trunk muscle activity may be reduced during some tasks, and increased during 
others as the result of wearing a lumbar support belt. 
5. Back belts will increase local skin temperature. 
6. Back belts tend to increase infra-abdominal pressure. 
7. Inner disc pressure is reduced during extension resistant tasks and elevated 
during flexion resistant tasks. 26 
8. Back belts increase blood pressure and therefore pose an added risk to subjects 
with compromised cardiovascular systems. 
9. There appears to be no differences between gender in terms of the effects of a 
support belt. 
10. Back belts increase the maximum acceptable workload while decreasing the 
amount of pain and discomfort associated with lifting. 
11. Back belts do not have an adverse effect on abdominal strength or endurance. 
12. Trunk stiffness is increased in the frontal and transverse plane when wearing 
a back belt. 
13. Analytical models predict lower shear and compressive forces while wearing a 
back belt. 
14. Muscle force, power, and endurance are not positively affected while wearing 
a back belt. 
15. The economic impact of implementing a back belt program remains 
inconclusive with no identifiable trend among the results of published efforts in this area. 
The National Institute for Occupational Safety and Health Perspective 
The National Institute for Occupational Safety and Health (NIOSH) is a branch of 
the Centers for Disease Control and Prevention (CDC) which is a division of the U. S. 
Department of Health and Human Services. In May 1994, NIOSH released a position 
paper on the use of back belts to prevent work-related back injuries. Their position paper 
was based on a criteria document (NIOSH, 1994) which critiqued the aforementioned 
research efforts as well as other pertinent work related to the efficacy of support belts. 
Criticism of these research efforts included: lack of meaningful consensus among results, 
lack of subject numbers and statistical power, subject pools nonrepresentative of a cross 27 
section of age, race, and gender, inapplicability of loads, tasks performed, and frequency 
as related to workplace standards, and limited types of back supports studied. 
The following conclusions and recommendations are the official NIOSH 
perspective as related to back belt use and are reproduced here in their entirety. 
* The effective use of back belts to lessen the risk of back injury among 
uninjured workers remains unproven. 
* NIOSH does not recommend the use of back belts to prevent injuries 
among uninjured workers, and does not consider back belts to be personal 
protective equipment. 
* Back belts do not mitigate the hazards to workers posed by repeated 
lifting, pushing, pulling, twisting, or bending. 
* There are insufficient data indicating that typical industrial belts 
significantly reduce the biomechanical loading of the trunk during manual 
lifting. 
* There is insufficient scientific evidence to conclude that wearing back 
belts reduces risk of injury to the back based on changes in intra­
abdominal pressure and trunk muscle electromyography.
* The use of back belts may produce temporary strain on the 
cardiovascular system. 
*There are insufficient data to demonstrate a relationship between the 
prevalence of back injury in healthy workers and a discontinuation of back 
belt use. 
* NIOSH recommends that the most effective means of minimizing the 
likelihood of back injury is to develop and implement a comprehensive 
ergonomics program. 
* NIOSH recommends caution in interpreting the results of studies that 
evaluated the effects of belt use on predictions of biomechanical loading of 
the spine.
* NIOSH recommends caution in interpreting the results of 
epidemiological studies; the experience with these studies should be used 
to develop better designed epidemiological research. 
* Future research should be designed to evaluate the efficacy of wearing 
back belts to prevent work-related back injury. 
The NIOSH perspective is in direct contrast with the conclusions presented in the 
Support Belt Summary. These discrepancies point out the huge chasm in opinions over 
the findings of these previous research efforts and clearly demonstrates the need for 
continued research in this area. 28 
Stature Loss as a Measure of Spinal Loading 
This section of the literature review is devoted to the topic of stature loss as a 
measure of spinal loading. The underlying premise is that the spine will deform under 
load due to the visco-elastic nature of the intervertebral disc (Eklund and Corlett, 1984). 
If these loads are transient such as shock or vibration, the disc responds elastically. 
However if the spine encounters a load for a longer period of time, a creep response 
occurs and the disc deforms. If disc deformation were summed for the entire spine, it 
should equate to the reduction in stature due to the load encountered by the spine. This 
reduction in stature is also referred to as spinal shrinkage. Since research directed at 
measuring in vivo disc deformation is limited, this section on stature loss provides the 
greatest insight into disc deformation as related to various forms of spinal loading. The 
following portions of this section will provide a historical/evolutionary perspective of this 
content area. 
A device to measure spinal shrinkage was developed by Eklund and Corlett 
(1984) which allows for reliable measures of body height (SD < 1 mm). The device 
controls body position and head angulation in a manner minimizing "variations in posture 
and muscle tension between successive measurements." With their newly developed 
device, Eklund and Corlett examined: dinural shrinkage during a workday with 
subsequent recovery while lying down, rate of shrinkage as a function of spinal loading, 
and shrinkage as a function of three differing chairs. Dinural shrinkage over 11 hours of 
sedentary activity averaged 7 mm with complete recovery after 2 hours of lying down. 
Sitting on stools caused the greatest shrinkage of the three chairs examined, while easy 
chair recliners actually facilitated a recovery of disc height. Of particular importance was 
the function of shrinkage/hour versus load. At loads below 400 Newtons (as estimated at 
L3) disc height is regained, and at loads above 400 Newtons spinal shrinkage occurs. 29 
The implications from this effort were forwarded as a method which can facilitate
 
ergonomics evaluations.
 
It has long been known that the spine shrinks during the day and regains length 
during the night (DePuky, 1935). Depuky measured an average stature loss of 1% in a 
sample of 1200 subjects. Further, this figure was nearly 2% for children and only .5% 
for adults in their eighth and ninth decades of life. Tyrrel, Reilly, and Troup (1985) 
expanded on this topic by exploring the details of stature variation over the course of a 24 
hour period (also known as circadian variation) and stature loss as a function of varying 
spinal loads. The methodology employed was consistent with that of Eklund and Corlett 
(1984). Mean circadian variation was 19.3 mm or 1.1% stature with approximately 50% 
of stature loss occurring in the first hour after rising from bed. Static and dynamic lifting 
tasks of 40 kg magnitude lasting 20 minutes in duration induced stature losses of 11 and 
14.5 mm respectively. The Fowler's position allowed for a greater rate of stature 
recovery than did standing recovery following the spinal loading tasks. Additionally, 
lying in the Fowler's position for six minutes allowed complete recovery of stature loss 
incurred during the 20 minute loading period. 
Troup, Reilly, Eklund, and Leatt (1985) examined "changes in stature with spinal 
loading and their relation to the perception of exertion or discomfort." The postures and 
activities examined were: standing with shoulder loads, standing with vertically applied 
traction, running, and lying with varying angles of inversion. Changes in stature for each 
activity were measured with an apparatus similar to that developed by Eklund and Corlett 
(1984) and compared with ratings of perceived exertion or comfort. Results demonstrated 
that stature changes are related to both biomechanical loading of the spine and 
psychophysical ratings of perceived exertion and/or comfort. The authors suggested that 
the "adverse pathological effects" of spinal loading might be reduced if skill of 
performance or physical fitness is improved in a manner which raises the exertion or 
discomfort threshold. 30 
Leatt, Reilly, and Troup (1986) measured spinal shrinkage as a function of circuit 
weight training and running. Spinal shrinkage incurred as a result of circuit weight-
training, a 6 km run by trained and novice runners, and a 19 km run by trained runners 
were compared with circadian variation in stature. Stature was measured with a device 
which was adapted from Eklund and Corlett (1984) but with some design modifications. 
Mean stature losses were as follows: circuit weight-training (5.4 mm), novice 6 km run 
(3.25 mm), trained runner 6 km run (2.35 mm), trained runners 19 km run (7.8 mm), 
and circadian variation (14.4 mm). Of particular interest among the results was the lack 
of significant difference between the trained and novice runners over the 6 km run. The 
authors suggested that "skill or economy in the running motion do not serve to 
substantially attenuate the spinal loading." 
Corlett, Eklund, Reilly, Troup (1987) reviewed the literature in the area of stature 
reductions as a function of spinal loading. They coupled this information with results of 
their own investigations to offer ergonomists a method of assessing the effects of varying 
workloads on the spine. The authors forward Eklund and Corlett's (1984) stature 
measuring device as a means of determining the cumulative stress on the spine due to 
static or dynamic workloads or postural stress. Further, that it allows the ergonomist a 
means to determine the optimal temporal pattern for work and rest pauses. 
Wilby, Linge, Reilly, and Troup (1987) studied spinal shrinkage in females due 
to circadian variation and circuit weight-training. Stature was measured in a manner 
consistent with Eklund and Corlett (1984) however there was significant electronic 
modifications allowing reliable measures of within subject stature measures SD < 0.5 
mm. Circadian variation in stature was measured via samples collected at nine separate 
intervals over a 24 hour period and had a mean value of 15.4 mm. Circuit weight training 
sessions lasting 20 minutes were conducted after rising from seven hours sleep and 
before retiring at midnight. The AM training session had a significantly greater stature 
loss (5.4 mm) as compared to the PM training session (4.3 mm). Additionally, isometric 31 
back strength measures were recorded and correlated with stature loss. Back strength was 
found to be inversely correlated with stature loss (P < 0.05). The implications of this 
finding suggest that a stronger back reduces the load on the lumbar spine, although the 
authors failed to point this out. 
Boocock, Garbutt, Reilly, and Troup (1988) were interested in determining if 
gravity inversion might provide some attenuation of spinal shrinkage due to a bounding 
exercise regime. Subjects performed an exercise regime (consisting of broad jumps) on 
two separate occasions at the same time of day to control for any diurnal variation. Prior 
to the first exercise session subjects stood for 20 minutes, while prior to the second 
session subjects were inverted at an angle of 50 degrees to the vertical. The exercise 
regime consisted of 10 sets of five standing broad jumps and lasting 7 minutes. Stature 
measures were made prior to and following the exercise regimes with a stadiometer, a 
modified version of Eklund and Corlett's (1984) stature measuring device . The results 
are summarized as follows: pre-exercise gravity inversion caused a mean increase in 
stature of 2.7 mm as compared to no increase for pre-exercise standing, and stature losses 
incurred during the exercise regimes were 1.7 and 3.5 mm when preceded with standing 
and gravity inversion respectively. The authors concluded that the "benefits gained by 
unloading the spine are short lived" when preceding exercise. The authors felt that gravity 
inversion might be of greater benefit following exercise providing a means of facilitating 
recovery. 
Bourne and Reilly (1991) attempted to determine the effect of a "standard" 
weight-lifting belt on spinal shrinkage during circuit weight training. Eight healthy male 
subjects (mean age 25 years) who were experienced weightlifters performed a circuit of 
the following exercises: deadlift, high pull, squat, clean, bent-over row, and the biceps 
curl. Four subjects performed the circuit with a weightlifting belt and four subjects 
without a weightlifting belt. A stadiometer, an apparatus built to reliably measure stature, 
was utilized to measure stature following the circuit training session. Additionally, the 32 
absolute visual analog scale (AVAS) was used to measure perceived pain and discomfort 
prior to and following circuit training session. The stature loss for the belted group was 
less than the no-belt group, however it was not considered significantly different. The 
belted group experienced significantly less pain and discomfort than the non-belt group. 
A correlation between spinal shrinkage and pain and discomfort was significant within the 
non-belted group. The authors concluded that absolute spinal shrinkage can be reduced 
with the use of a lifting belt and can significantly reduce the associated pain and 
discomfort. 
Stalharnmar, Leskinen, Rautanen, and Troup (1992) investigated the effects of 
self-paced and force-paced lifting work on stature loss and psychophysical ratings. Male 
and female subjects lifted boxes at a self pace and at a forced pace (4 lifts/minute) for 30 
minutes on two separate days. The box weight for each subject was self determined by 
the rating of acceptable load (RAL) method developed by Griffen, Troup, and Lloyd 
(1984). The Borg RPE scale (rating of perceived exertion) was used to measure the 
subjects perceptions of physical exertion at five minute intervals throughout the lifting 
sessions. Stature loss was determined in a manner similarly described by Eklund and 
Corlett (1984). No significant differences were detected in stature loss between gender 
nor between work pace. RPE scores correlated significantly with self paced lift rates. Self 
paced lift rates were significantly higher for women than for men, which might indicate 
that in the RAL test women under estimate and the males over estimate the loads they can 
handle. 
Michel and Helander (1994) titled their research effort the "effects of two types of 
chairs on stature change and comfort for individuals with healthy and herniated discs." 
Subjects performed a computer screen task lasting two hours on two separate days, 
seated in either a conventional chair or a sit-stand chair. Comfort/discomfort ratings were 
collected every 30 minutes and spinal shrinkage was measured with a stadiometer. The 33 
major findings included: the sit-reach chair induced less stature loss then the conventional 
chair, and in both chairs subjects with herniated discs experienced greater stature loss. 
Summary of Stature Loss Research 
The following generalizations can be concluded from the aforementioned research 
efforts and should be viewed as design considerations when using stature loss as a 
dependent variable in future investigations: 
1. Stature measures can be accurately made (SD < 0.5 mm). 
2. There is a 1% loss in stature over the course of the day, this loss is age related 
and varies from 2% for children to .5% for individuals in their 8th and 9th decade of life. 
3. Approximately 50% of stature loss occurs within 1 hour of rising from bed. 
4. Fowler's position can accelerate the rate of stature recovery. 
5. Stature changes are related to both biomechanical loading and psychophysical 
ratings of exertion or discomfort. 
6. Running skill level does not serve to attenuate spinal loading. 
7. Isometric back strength is inversely correlated with stature loss. 
8. Stature loss maybe minimized through the use of a support belt. 
9. With regards to seating: recliners may enhance stature recovery, sit-stand chairs 
induce less stature loss than do conventional chairs, and stools induce the greatest amount 
of stature loss. 
Radiology as a Measure of Lumbar Characteristics 
This section of the literature review is devoted to radiology as a means of 
investigating the lumbar spine. It is not intended to be all-inclusive of every research 
effort related to this content area. Rather, its intent is to provide a historical/physical 34 
perspective of radiology and discuss some research efforts which have attempted to 
characterize normal lumbar anatomical/biomechanical measures in healthy subjects. 
Radiology: History and Basic Physics 
In 1895 Wilhelm Conrad Rontgen discovered X-rays while attempting to pass 
electricity through gas at very low pressure (Meredith & Massey, 1977). Rontgen's 
experiment utilized a glass vessel (or tube) nearly void of air with platinum electrodes 
sealed on both ends of the vessel. Upon passing a high voltage electrical discharge 
through the tube, Rontgen noticed a glow on a piece of glass which was located a 
distance from the tube. Rontgen rationalized this to be some new form of energy radiating 
out from the glass tube and named it X-rays, "X being the symbol for the unknown 
quality" (Meredith & Massey, 1977). In honor of his early work, his last name 
"Roentgen" was assigned to the base unit of measure for X-rays by the International 
Congress of Radiology. 
More recently, X-rays are generated by applying high voltage across the 
electrodes of an X-ray tube. The X-ray tube is constructed with a filament or cathode 
(negatively charged) at one end of the tube and an anode which is the target (positively 
charged) at the opposite end of the tube. When applying a high voltage potential across 
the cathode and the anode, the filament is heated (cathode) and electrons are emitted, 
naturally flowing from the cathode in the direction of the anode (positive electrode or 
target). As the electrons travel from filament to the target they acquire kinetic energy 
levels equal to the product of their charge and the voltage differences between the two 
electrodes (kinetic energy = eV). The tube is nearly void of air so as to prevent energy 
loss of the electrons as they travel from the filament to the target. When these electrons 
strike the anode or target (which is made of a high atomic number material such as 
tungsten), energy is released. Approximately 99% of the energy is converted to heat 35 
while about 1% is released as radiation or X-rays (Kelsey, 1985). The amount of 
radiation generated by an X-ray tube is then a function of the potential difference 
(generally in kilovolts) between the filament and the target and the current flow striking 
the target (milliamperes) for a given exposure time (or milliampere-seconds). The latter is 
considered the standard for measuring patient or subject exposure levels during diagnostic 
exams and/or research. 
The X-rays generated during this process are then directed on to the patient in the 
area of interest. These X-rays are either absorbed by the patient, scattered, or transmitted 
to some varying degree. The X-rays which pass through the body are then collected, 
providing an image of the body part of interest. The images vary in brightness depending 
on the amount of radiation absorbed by the body, which is reflective of the relative 
density of the tissue through which the radiation passed. The X-rays which pass through 
the body can be collected in a number of ways. In radiography, X-rays are collected on 
photographic film placed behind the patient. Areas appearing black or dark correspond to 
parts of the body where little radiation was absorbed, conversely, lighter areas 
correspond to areas where X-rays were absorbed. The film is therefore considered a 
negative (Meredith & Massey, 1977). 
Fluoroscopy is a procedure where the X-rays pass through the subject and are 
collected on a fluorescent screen which in turn emits photons of light. These photons of 
light may or may not fall in the visible light spectrum of the human eye, therefore an 
image intensifier is generally used to boost the energy levels of these photons (emitted 
from the fluorescent screen) to a level consistent with the visible light spectrum. An image 
of the subject can be seen real time providing the capability to monitor dynamic movement 
as opposed to the static images which radiographs are limited (Meredith & Massey, 
1977). Typically, fluoroscopic images are recorded via video tape, cineradiography, or 
with digital imagery of the image intensifier output (Kelsey, 1985). 36 
Recording images on video tape exposes the patient or subject to the least 
radiation; however it provides inferior resolution to either cineradiography or digital 
imaging. Cineradiography is typically collected by recording the output of the image 
intensifier on to cine film. The shutter mechanism of the camera is integrated with the X-
ray generator and signals the generator to send out a pulse of radiation once the film is in 
place and prepared for exposure (ie. 60 frames per second would require 60 pulses of 
radiation). The added radiation provides a superior quality image resolution as compared 
to the video tape image. Cine film also allows better slow motion and stop frame images 
than video tape (Kelsey, 1985). Digital imaging (or spot films) is the process of detecting 
and recording the photons of light generated by the image intensifier (which are in direct 
proportion to the X-rays striking the fluoroscopic screen) and converting them into digital 
values. Once in digital format, the images can be contrast enhanced, edge enhanced and 
filtered (Kelsey, 1985). Digital images are generally collected at lower frame rates than 
cineradiography but are well suited for low frequency human movements providing 
excellent resolution. 
Radiographic Characteristics of the Lumbar Spine 
An early evaluation of the lumbar spine was performed by Stanley S. Tanz in 
1953. The goal of his research effort was to measure lumbar vertebrae interspace motion 
range for flexion-extension and lateral bending. The intent was to establish norms from 
which diagnosing spinal pathology could be compared. Sagittal plane roentgenograms 
were taken of subjects in flexion and extension, while frontal plane roentgenograms were 
taken of subjects lateral bending to the right and the left. By superimposing the images, 
angular measures (Ll-L2, L2-L3, L3-L4, L4-L5, and L5-S1) of the vertebral interspaces 
were attained. Repeated measures observations agreed within 2 degrees for these angular 
measures and was thus deemed satisfactory as a method of measurement. Conclusions 37 
were as follows: establishing norms for diagnosing spinal pathology was not possible 
due to large individual variation of vertebrae interspace range of motion, lateral flexion 
was approximately 60% of to-and-fro flexion, for both lateral flexion and to-and-fro 
flexion there is a age related loss of range of motion in adolescence and young adulthood, 
subjects with a history of back pain demonstrated no difference in lumbar motion ranges 
when compared to pain free subjects, and when a diminished range of motion was 
measured at one level (vertebrae interspace) there was no compensatory increase at 
another level. 
Pearcy, Portek and Shepherd (1984) expanded on previous two dimensional 
measures of the lumbar spine and attempted to characterize three-dimensional movement. 
Asymptomatic subjects were positioned in a "rig" which limited pelvic and hip 
movement. Biplanar radiographs (two X-ray tubes arranged orthogonally) were taken of 
the subjects while fully flexed and extended. Flexion and extension as well as coupled 
lateral bending and axial rotations were measured. Total range of extension plus flexion at 
each lumbar intervertebral joint was approximately 14 degrees. The following patterns 
were noted: L1 -L2, demonstrated marginally greater flexion than extension, L2-L3, L3­
IA, and L4-L5 demonstrated "very little" extension. Coupled lateral bending during 
flexion and extension were two degrees and 1 degree respectively. Coupled axial 
rotations during flexion and extension were both one degree. The results of this study 
were latter compared and found in agreement with a three-dimensional in vitro study of 
the lumbar spine performed by Yamamoto, Panjabi, Crisco and Ox land (1989). 
In an attempt to characterize translation and rotational norms for lumbar 
intervertebral motion, Hayes, Howard, Gruel, and Kopta (1989) examined 59 sagittal 
plane X-rays of asymptomatic individuals. The authors felt that if norms could be 
established, there could then be a criterion for identifying spinal instability. The results 
indicated that there was 7 to 14 degrees of rotational motion and 2 to 3 mm of 
translational motion at each intervertebral level over full flexion/extension. The variance 38 
of these measures was of great enough magnitude that the authors cautioned against their 
use as a measure of spinal instability. 
Dvorak, Panjabi, Chang, Threiler , and Grob (1991) also sought to determine 
lumbar intervertebral segment ranges of motion during flexion-extension and lateral 
bending with the purpose of diagnosing spinal instability. This research effort differed 
from previous efforts in that subjects would be passively brought to their functional limits 
of flexibility in flexion-extension and lateral bending via an examiner applying external 
force. Previous studies allowed the subjects to actively self determine their functional 
range of motion. Sagittal and frontal plane X-rays were used to determine flexion-
extension and lateral bending vertebral ranges of motion respectively. The measured 
angles of rotation for flexion-extension and lateral bending (L1 -L2, L2-L3, L3-L4, L4­
L5, and L5-S1) were "predominantly larger" then in the studies by Pearcy, Portek and 
Shepherd (1984) and Hayes, Howard, Gruel, and Kopta (1989). The authors suggested 
that the passive examination was likely the cause for the larger angles of rotation. Further, 
the variance of these angles of rotation were so large that using them as norms for 
diagnosing lumbar instability would not be warranted. 
As of the investigation by Dvorak, Panjabi, Chang, Threiler , and Grob (1991) 
norms for lumbar intersegmental angular rotation and translation which provide for the 
diagnosis of vertebral instability have yet to be documented. In their absence, inferences 
to normative values might be deduced from the historical tabulation of angular rotations of 
intervertebral segments for flexion-extension and lateral bending which appear in Dvorak, 
Panjabi, Chang, Threiler , and Grob (1991). This historical tabulation is a culmination of 
lumbar intervertebral motion ranges reported by previous authors and provides insight 
into the inconclusive and on going nature of this content area. 39 
Fluoroscopic Imagery of the Lumbar Spine 
Technological advancements in fluoroscopic imagery have made it a viable tool 
for studying spinal kinematics. Prior complications with image distortion (via the image 
intensifier and/or the photography system) in combination with limited fluoroscopic 
screen resolution limited the usefulness of fluoroscopic imagery as a research tool, 
although several researchers have addressed the issue (Breen, Allen, & Morris, 1989; 
Cholewicki, McGill, Wells, & Vernon, 1991; Wallace & Johnson, 1981). 
To date there have been only a few published studies measuring spinal motion 
with fluoroscopic imagery (Fielding, 1957; Jones, 1960; Jones, 1962; Kanayama et al., 
1995; Van Mameren, Sanches, Beursgens, 1992) with only the study by Kanayama et al. 
(1995) focusing on the lumbar spine. 
Kanayama et al. (1995) utilized cineradiography to study lumbar disc deformation 
(L3-L4, L4-L5, and L5-S1) during flexion and extension of the trunk. Fluoroscopic 
image field distortion was measured to vary no more than 1% between the central and 
peripheral regions. Disc deformation was evaluated by displacement of the superior 
corners of the disc with respect to the coronal surface of the adjacent inferior vertebrae via 
a local x-y coordinate system. The subjects actively flexed their trunks from the neutral 
position until full spinal flexion was achieved over a six second period. Cineradiographs 
were collected from the sagittal view at 25 frames/second. This process was repeated for 
trunk extension. The disc deformation for trunk flexion ranged from 1.1 to 5.4 mm and 
0.0 to 3.7 mm for trunk extension. Of particular interest was the pattern in which the 
discs deformed, specifically; each disc deformed rapidly after an initial delay subsequent 
to the initiation of trunk flexion, each disc achieved maximum deformation levels prior to 
full trunk flexion, and that the discs deformed in a "stepwise" fashion from L3-L4 to L5­
Sl. The authors postulated that this stepwise disc deformation pattern was likely the 
effect of "in vivo factors" primarily trunk muscle forces. 40 
Summary of Radiographic Studies 
The following generalizations can be concluded from the aforementioned research 
efforts and should be viewed as design considerations when developing methodology for 
future investigations relating to the lumbar spine: 
1. Diagnosing pathological conditions based on norms of vertebrae interspace 
motion range is not advised due to large individual variation. 
2. Coupled lateral bending and axial rotation during flexion and extension are 
small (. 2 degrees) in asymptomatic individuals. 
3. In asymptomatic individuals there is 7-14 degrees of rotation and 2-3 mm of 
translation motion at each lumbar intervertebral level over full flexion/extension. 
4. Intervertebral segment motion ranges are greater during examinations where a 
practitioner applies the flexion/extension force as opposed to the individual actively 
attempting to achieve full extension/flexion. 
5. Fluoroscopic imaging systems are now of sufficient resolution and limited field 
distortion to measure spinal kinematics. 
6. During trunk flexion tasks, discs deform in a stepwise nature from superior to 
inferior vertebrae. 
7. Discs deform rapidly after an initial delay following the execution of spinal 
flexion. 
8. Discs achieve maximum deformation prior to achieving full spinal flexion. 41 
Chapter III 
Methods 
This study evaluated the effectiveness of back support belts through the 
measurement of lumbar intervertebral disc deformation, the L3-L4 and L4-L5 joint angles 
via lateral fluoroscopic images. Additionally, isokinetic trunk strength and abdominal 
endurance measures were collected for comparison with disc deformation, and the L3-L4 
and L4-L5 joint angles in order to determine if some meaningful relationship exists 
between these variables. 
The methods employed in this study are presented in this chapter. Specifics 
regarding subjects, biomechanical measures, trunk strength measures, and statistical 
procedures are included. 
Subjects 
Fourteen subjects 40 to 55 years of age participated in this study. The subjects 
were recruited from Teledyne Wa-Chang (Albany, Oregon) and were all free of back 
injury or pain at the time of data collection. The rationale for recruiting these subjects was 
based on the desire to collect a subject pool which bore some resemblance of a cross-
section of the labor force and who would be potential beneficiaries of back support belt 
usage. Additionally, this addressed a major criticism offered by the National Institute for 
Occupational Safety and Health of previous investigations where nonrepresentative 
subject pools were used (NIOSH, 1994). 
Prior to participation, all subjects were verbally informed of the details of the 
study and required to read and sign an informed consent document approved by the 
Oregon State University Institutional Review Board for the use of Human Subjects. 42 
Protocol for Biomechanical Measures 
The dependent variables measured were: compressive and anterior shear disc 
deformation (L3-L4, and L4-L5), the L3-L4, and L4-L5 joint angles. The methodology 
utilized to measure these variables was fluoroscopic imaging. Although fluoroscopic 
imaging does not allow for the measurement of soft tissue characteristics, it does allow 
measurement of changes in position between adjacent vertebrae (Wiltse & Winter, 1983). 
Lateral fluoroscopic images of subjects under three different conditions (independent 
variables) were used to determine their effects on the aforementioned dependent variables. 
These three conditions were: from a stooped position with spine flexed to standing erect 
under no load without a support belt, from a stooped position with spine flexed to 
standing erect under load without a support belt, and from a stooped position with spine 
flexed to standing erect under load with a support belt. 
The load lifted (11.5 kg) was based on the Revised NIOSH lifting equation 
(Waters, Putz-Anderson, & Fine, 1993) and was so selected to address NIOSH's 
criticism of previous research efforts where loads were inconsistent with NIOSH lifting 
recommendations (NIOSH, 1994). The following assumptions were made in order to 
calculate the NIOSH upper limit for this investigation: load constant (23 kg), horizontal 
distance from hands on load to midpoint between the ankles (32 cm), vertical distance of 
the hands on the load from the floor (28 cm), vertical travel distance between the origin 
and destination of the lift (54 cm), angular displacement of load from the sagittal plane (0 
degrees), and a coupling multiplier (1.0). The NIOSH lifting equation employed was: 
RWL=LC x HM x VM x DM x AM x FM x CM 
LC=load constant 
HM=horizontal multiplier 
VM=vertical multiplier 
DM=distance multiplier 43 
AM=asymmetric multiplier 
FM=frequency multiplier 
CM=coupling multiplier 
The load was placed in a milk crate such that when lifted from the floor, the hands 
grasped the crate handles suspending the load just below waist level (knuckle high). 
Knuckle high refers to the subjects standing erect with the load suspended at arms length 
just in front of the waist. In this position the arms did not interfere with the lateral 
fluoroscopic images. Additionally, this lifting procedure is commonly undertaken during 
manual handling tasks. 
Stalharnmar, Leskinen, Rautanen, and Troup (1992) utilized a stimulus period of 
30 minutes, a load of 11.5 kg, and a lifting frequency of 4 lifts per minute (total mass 
lifted 1380 kg) to achieve stature losses of approximately 7 mm during stoop-type lifting. 
Tyrrel, Reilly, and Troup (1985) used a stimulus period of 20 minutes, a load of 10 kg, 
and a lifting frequency of 12 lifts per minute (total mass lifted 2400 kg) to achieve stature 
losses of approximately 7 mm during stoop-type lifting. 
In order to achieve the minimum volume of mass lifted to induce spinal shrinkage 
(consistent with the previous research efforts), a lifting frequency of 4 lifts per minute 
was selected along with a 15 minute stimulus period. The mass lifted was 690 kg for each 
stimulus period (11.5 kg load, 15 minute stimulus period, and 4 lifts per minute), with a 
total of 1380 kg for both stimulus periods. This loading duration is consistent with the 
methodology and findings of Tyrrell, Reilly, and Troup (1985) and was intended to 
assure that the lumbar discs reached hydrostatic equilibrium due to the load and loading 
pattern. It should be noted here that Tyrrell, Reilly, and Troup (1985) used a stimulus 
period of 20 minutes to induce spinal shrinkage, however spinal shrinkage approached an 
asymptote after approximately 15 minutes. Thus, 15 minutes was adopted as the optimal 
stimulus period to induce disc hydrostatic equilibrium and minimize subject stress for this 
study. 44 
The following procedure served to provide standardization during the stimulus 
periods and the fluoroscopic image collections. The subjects were continually monitored 
by the researchers to assure a controlled repeatable movement which was based on the 
body mechanics unique to each subject. 
1. Feet markers were placed on the floor where the subjects were instructed to 
maintain foot placement throughout the stimulus periods and data collection 
periods. 
2. There was a marker on the floor relative to the subject's feet placement where 
the load (11.5 kg in a milk crate) was returned at the completion of each lift. 
3. The subjects lifted the crate to knuckle height while standing erect for each 
repetition. 
4. A backstop was placed behind the subject. At the initiation of the lift, the 
subject's gluteus maximi were positioned in contact with the backstop. A 
marker was placed on both the subject's gluteus and the backstop. When these 
two markers were aligned, they served to insure that the knee and hip angles 
were consistent at the initiation of the lift for each repetition. Note: This served 
to standardize the position for the initial fluoroscopic image as well. 
5. On this same backstop was placed a pad which served to let the subjects know 
that they had assumed the erect standing position (their shoulders came in 
contact with the pad). Note: This served to standardize the position for the final 
fluoroscopic image as well. 
6. In addition to the safe guards mentioned above, the maximum distance between 
the fluoroscopic beam emitter and collection plate was 80 cm. This fixed 
distance was used for all subjects and provided a means of minimizing lateral 
movements during fluoroscopic image collection. 
7. The total vertical distance the crate traveled from initiation of the lift to 
completion was measured. This distance was divided in half and established 45 
the mid-range position from which fluoroscopic images would be collected. 
The mid-range position was controlled by setting a free-standing jack to the 
mid-point height described above, and placing the crate on it. Note: This served 
to standardize the mid-range position for the fluoroscopic image collection. 
This procedure was conducted only during image collection. 
The dependent variables measured during the no load, no support belt condition 
served as the baseline values. To assure that loads experienced during the course of the 
day (prior to testing) did not confound baseline measures, each subject was instructed to 
assume the Fowler's position for six minutes. The Fowler's position, a position typically 
recommended for the relief of back pain, is one in which the subject is supine with knees 
and hips flexed (both at 90 degrees) and the legs supported. This position has been 
demonstrated to return stature lost during loading (spinal shrinkage) to preloading 
conditions (Tyrrell, Reilly, & Troup, 1985). Further standardization prior to the baseline 
fluoroscopic images included the subjects standing for 20 minutes with their body weight 
evenly distributed on both feet (Boocock, Garbutt, Reilly, Linge, & Troup, 1988; Boume 
& Reilly, 1991). This additional period of standing assured that the discs returned to a 
hydrostatic equilibrium point which is due to body weight alone. Additionally, McGill 
and Norman (1993) suggest not lifting immediately after rising as disc and ligament 
bending stresses increase significantly during trunk flexion due to increased disc height. 
This 20 minute standing period should have mitigated these effects. This procedure was 
repeated prior to the second stimulus period. 
Following the standardization period, lateral fluoroscopic images were taken of 
the subjects going from a stooped position with spine flexed to erect standing (under no 
load and without a support belt). This series of fluoroscopic images provided the baseline 
from which changes in the dependent variables were compared. 46 
The first treatment (or stimulus period) consisted of the subjects lifting the 11.5 
kg load for 15 minutes at a frequency of 4 repetitions per minute. The subjects performed 
the stoop lift, lifting the load from the floor to knuckle height. 
Subjects crossed-over with regard to the condition of wearing the support belt. 
The subjects were randomly assigned to the order of stimulus period in which they were 
wearing a support belt. Half of the subjects were wearing a support belt during the first 
loading period (or stimulus period) followed by not wearing a support belt during the 
second stimulus period. The other half of the subjects were not wearing a support belt 
during the first stimulus period followed by wearing a support belt during the second 
stimulus period. 
Following the first treatment (or stimulus period), the subjects were positioned for 
a series of fluoroscopic images. The subjects were positioned uniformly with the position 
assumed for the initial series of fluoroscopic images. Once the subjects were properly 
aligned, they again lifted the 11.5 kg load to knuckle height (going from a stooped 
position with spine flexed to erect standing) and maintained that posture while the lateral 
fluoroscopic images were collected. 
Following the second series of fluoroscopic images, the subjects were instructed 
to assume the Fowler's position for another six minutes followed by 20 minutes of 
standing with their body weight evenly distributed on both feet . Again, this procedure 
was intended to re-establish hydrostatic disc equilibrium due to body weight alone and 
mitigate any prior effects of spinal loading. 
During the second treatment each subject was wearing a support belt. The support 
belt selected for this study was the Ergodyne Proflex 2000 SF®. This support belt is 
constructed of a light weight, elastic material. Velcro is used to secure the tightness of fit. 
The SF suffix referred to in the belt's name stands for "sticky fingers" which are rubber 
stays on the rear of the belt. These rubber stays secure the position of the belt on the trunk 
both laterally and longitudinally. There are two rationale for the selection of this belt. 47 
First, NIOSH is currently categorizing virtually every support belt on the market intoone 
of seven categories based on their differing characteristics. This belt fits into the category 
of belts which represents nearly 50% of the belts currently on the market (M. Hause, 
NIOSH Back Belt Project Leader, personal communication, April, 1995). Secondly, this 
belt is produced by the leader in support belt manufacturing (Ergodyne), with  an 
estimated 20% of the back belt market in 1994 (John Alden Associates, 1994). Thus, the 
selection of this belt should maximize the extent to which the results of this study can be 
generalized to other support belts currently in use. 
With the belt securely fitted to the subject, the lifting task prescribed for the first 
condition was repeated, the 11.5 kg load was lifted for 15 minutes at a frequency of 4 
repetitions per minute. The subjects performed the stoop lift, lifting the load from the 
floor to knuckle height. Following this treatment the subjects were positioned for lateral 
fluoroscopic images. The subjects were positioned uniformly with that position assumed 
for the two prior series of fluoroscopic images. Once the subjects were properly aligned, 
they again lifted the 11.5 kg load to knuckle height (going from a stooped position with 
spine flexed to erect standing) and maintained that posture while the lateral fluoroscopic 
images were collected. 
The fluoroscopic images were taken by a certified technician at the Corvallis 
Clinic P. C. in Corvallis, Oregon. The images were collected with an Infimed 2000 
fluoroscopic imaging system. Three fluoroscopic images were collected for each of the 
three conditions. For each condition, the first image was collected at the initiation of the 
movement (stooped position with spine flexed), the second image was collected at mid­
range of the movement, and third image was collected at the completion of the movement 
in the erect standing position (see figure 1). 
The radiation exposure rate was 200 mA at an intensity of 60-85 kV, and the time 
of .19 seconds/image. Therefore, for the three conditions there was a total of 342 mA s of 
radiation exposure (200 mA/second x .19 seconds/image x 3 images/condition x 3 48 
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Figure 1. Lifting pattern of the 11.5 kg load and body positions assumed during the 
fluoroscopic imaging. 49 
conditions). The radiation dose was comparable to the previous investigation (540 mA s) 
by Kanayama et al. (1995) which "is equivalent to three simple lateral x-rays." It should 
be noted here that a standard lumbar examination consists of 5 x-rays. Thus, subjects 
were exposed to less than 60% of the radiation of a standard lumbar examination. 
Careful attention was given to the subject's sagittal positioning and distance 
relative to the collection plate and beam emitter between conditions. This minimized 
artificial changes in the dependent measures due to out-of-plane body movement and 
image distortion due to beam dispersion (Comstock, Carragee, & O'Sullivan, 1994). 
With respect to out-of-plane body movement, as long as out-of-plane motions are less 
than 5 degrees there will be no significant effect on kinematic data obtained in the primary 
plane (Panjabi & White, 1971). Pearcy, Portek, and Shepard (1984) reported coupled 
lateral bending and rotation during spinal flexion at L4-L5 and L5 -S 1 of less than 2 
degrees in asymptomatic individuals. Therefore, distortion of fluoroscopic images due to 
out-of-plane body motion was deemed negligible. Additionally, the same technician was 
used throughout the data collection to minimize error. Assessment of the reproducibility 
of the measurements was not performed due to the ethical usage of added radiation (Fidler 
& Plasmans, 1983). 
The maximum distance between the beam emitter and the fluoroscreen was 80 cm. 
Therefore subjects were positioned in a manner such that the lumbar spine was centered at 
the mid-point between the emitter and the fluoroscreen (ie. approximately 40 cm). The 
beam was centered at the forth lumbar vertebrae, this minimized beam distortion at the 
L3-L4 and L4-L5 junctures. A calibration grid (1/8"x1/8") was placed at the same field 
depth as the subject's lumbar spine. The true size of the grid allowed for the calculation of 
actual kinematic measures collected from the fluoroscopic images. This is equivalent to 
the multiplier method utilized with cinematography. The fluoroscopic images were 
scanned and imported into the software package AutoCAD release 12 (Autodesk, Inc.) 
for data analysis. 50 
The 1/8" x 1/8" (3.175 x 3.175 mm) calibration grid provided the means for 
characterizing the distortion within the fluoroscopic field. Comparison of the grid size in 
the fluoroscopic field wherein measurements were to be recorded varied by less then 0.10 
mm. Kanayama et al. (1995) reported a field distortion of less then or equal to 0.10 mm 
and considered that level of field distortion as negligible. Since distortion of the 
fluoroscopic image was comparable to that observed in the Kanayama study, it was 
deemed negligible in this study as well. 
Disc deformation was characterized in a manner consistent with Kanayama et al. 
(1995). A local coordinate system (see figure 2) was established to define disc 
deformation for both discs L3-L4 and L4-L5. In the local coordinate system for L4-L5, 
the posterosuperior corner of L5 served as the origin. The X-axis extends out along the 
superior border of the fifth lumbar vertebrae and the Y-axis is perpendicular to it. The 
displacement (X and Y) of the inferior corners (anterior and posterior) of L4 served as the 
measure of L4-L5 disc deformation. X and Y displacements defined shear and 
compressive disc deformation, respectively. In the local coordinate system for L3-L4, the 
posterosuperior corner of L4 served as the origin. The X-axis extends out along the 
superior border of the forth lumbar vertebrae and the Y-axis is perpendicular to it. The 
displacement (X and Y) of the inferior corners (anterior and posterior) of L3 served as the 
measure of L3-L4 disc deformation. X and Y displacements defined shear and 
compressive disc deformation, respectively. 
The lumbosacral joint angle is "the angular relationship between the 
anterioposterior axes of the bodies of the fifth lumbar and first sacral vertebrae" (Wiltse & 
Winter, 1983). These authors suggest extending lines "across the caudal border of the 
body of the fifth lumbar vertebra and the cranial border of the body of the first sacral 
vertebra." The angle formed by the intersection of these two lines defines the lumbosacral 
joint angle. The L4-L5 joint angle can be measured in a similar manner. The angle formed 
by the intersection of the lines extending across the caudal border of the forth lumbar 51 
vertebrae and the cranial border of the fifth lumbar vertebrae defines the L4-L5 joint 
angle. Similarly, the angle formed by the intersection of the lines extending across the 
caudal border of the third 
Figure 2. Local coordinate systems for the intervertebral discs L3-L4 and L4-L5. 52 
lumbar vertebrae and the cranial border of the forth lumbar vertebrae defines the L3-L4 
joint angle. The importance of measuring these angles relates to their impact on the degree 
of lumbar lordosis (i.e. greater L3-L4 and L4-L5 joint angles correlate with accentuated 
lordosis). 
The local coordinate systems from which displacements and angular measures 
were recorded were established through the use of AutoCAD release 12 (Autodesk, Inc.). 
Silhouettes of the vertebrae L3, L4, and L5 were sketched. The local coordinate system 
for L3-L4 was affixed to the superior border of the L4 silhouette. The local coordinate 
system for L4-L5 was affixed to the superior border of the L5 silhouette. These 
silhouettes were maintained in layers, where they could be retrieved and superimposed 
onto other images. This procedure is essentially the same as that described by Dvorak, 
Panjabi, Chang, Threiler, and Grob (1991), except that the silhouettes were generated 
and superimposed with AutoCAD instead of by hand (see Figure 3). 
Protocol Summary for Biomechanical Measures 
The following summarizes the sequence of events and data collection points for 
this portion of the study: 
1. Lie in the Fowler's position for 6 minutes. 
2. Stand for 20 minutes with weight evenly distributed over both feet. 
3. Collect fluoroscopic images while subjects go from a stooped position with 
spine flexed to erect standing. 
4. First stimulus period, perform stoop lifting at 4 lifts per minute for 15 minutes 
with a load of 11.5 kg (half of the subjects wearing a support belt, the others 
without a belt). Note: the subjects crossed-over with regard to the condition of 
wearing the support belt. Initiation (Flexed)  Mid-Range  Completion (Erect) 
Figure 3. Local coordinate system for intervertebral disc L4-L5. AutoCAD silhouettes overlaid fluoroscopic images for the 
flexed, mid-range, and erect positions assumed during the lifting/image collection protocol. 54 
5. Collect fluoroscopic images as subjects perform a stoop lift with a 11.5 kg 
load. 
6. Lie in the Fowler's position for 6 minutes. 
7. Stand for 20 minutes with weight evenly distributed over both feet. 
8. Second stimulus period, perform stoop lifting at 4 lifts per minute for 15 
minutes with a load of 11.5 kg. 
9. Collect fluoroscopic images as subjects perform a stoop lift with a 11.5 kg load 
(half of the subjects wearing a support belt, the others without a belt). 
Protocol for Trunk Strength Measures 
Muscle strength of the trunk extensors and trunk flexors was measured with an 
isokinetic dynamometer (Kin Corn, model H5000, Chattecx Corporation, Chattanooga, 
TN.). Isokinetic testing measures the varying muscle force exerted throughout the range 
of motion for a particular exercise while the movement speed is held constant. The 
reliability of the Kin Com is reported to range from r = .97 to .99 (Farrel & Richards, 
1986; Mayhew, Rothstein, & Finucane, 1989). The validity is reported as high when 
outputs are compared to known force, speed, and angle inputs (Farrel & Richards, 
1986). 
Prior to collecting the trunk strength measures, the subjects were led through a 
warm-up. The subjects performed five minutes of stationary cycling followed by light 
stretching exercises. The stretches were: double knee to chest, lateral trunk stretch, 
hamstring stretch, and the squat (Broxson, 1995). Following the warm-up, the subjects 
performed five light warm-up trials for both the trunk extension and trunk flexion 
exercises to allow the subjects to accommodate to the specificity of the Kin Corn's speed 
of movement and range of motion. After performing the five warm-up trials, the subjects 55 
performed four maximum trials. The trial with the greatest force output was considered 
indicative of peak muscle strength and served as the measure of the subject's muscle 
strength. A two to three- minute rest period between each trial was allowed to ensure 
adequate recovery. 
Trunk Extension Strength Protocol 
The trunk extension strength protocol is designed to primarily measure the 
extensor strength of the low back musculature, specifically the spinal erectors. In order to 
achieve this, subjects were seated upright in a trunk positioning chair on the Kin Corn. 
The legs were elevated with knees bent at 70 degrees of flexion. Initially the subjects 
were positioned upright with the trunk at zero degrees of extension with a load cell-pad 
combination placed firmly against the scapula. This positioning oriented the Kin Com 
with a reference system. The low back was secured in position with a positioning pad 
firmly placed against the low back. This minimized anterioposterior movement of the 
hips. In conjunction with the positioning pad, a securing belt strapped across the waist 
was utilized to prevent lateral movement. Starting and finishing positions were 
established at minus 15 and plus 15 degrees of trunk extension, respectively. The 
subjects held their arms across the chest, and when instructed, pushed with maximal 
exertion against the load cell-pad. The range of motion was 30 degrees (-15 to 15 degrees 
trunk extension) with the movement speed controlled at 15 degrees per second. 
Trunk Flexion Strength Protocol 
The trunk flexion strength protocol is designed to primarily measure the flexion 
strength of the abdominal musculature, specifically the rectus abdominis. In order to 
achieve this, subjects were seated upright in a trunk positioning chair on the Kin Corn. 
The legs were elevated with knees bent at 70 degrees of flexion. Initially the subjects 56 
were positioned upright with the trunk at zero degrees of extension with a load cell-pad 
combination placed firmly against the chest. This positioning oriented the Kin Corn with a 
reference system. The low back was secured in position with a positioning pad firmly 
placed against the low back. This minimized anterioposterior movement of the hips. In 
conjunction with the positioning pad, a securing belt strapped across the waist was 
utilized to prevent lateral movement. Starting and finishing positions were established at 
zero and 15 degrees of trunk flexion, respectively. The subjects held their arms across the 
chest, and when instructed, pushed with maximal exertion against the load cell-pad. The 
range of motion was 15 degrees (0 to 15 degrees trunk flexion), with the movement 
speed controlled at 15 degrees per second. 
Trunk Flexion Endurance Protocol 
The trunk flexion endurance protocol was administered to measure the flexion endurance 
of the abdominal musculature, specifically the rectus abdominis. In order to achieve this, 
the subjects performed a 60 second curl-up test. Curl-up tests where the feet are not held 
are considered superior to standard bent knee sit-ups where the feet are held. This is due 
to de-activation of the hip flexors (Donate lle, Snow-Harter, & Wilcox, 1995). Subjects 
performed the curl-up test in a manner consistent with that described by Donate lle, Snow-
Harter, and Wilcox (1995) and as summarized below. 
1. Subjects were lying supine on a mat with their arms at their sides, palms flat on 
the mat, elbows locked and fingers straight. The knees were bent at a 90-degree angle 
(feet and buttocks separated by 12-18 inches). 
2. The subjects then curled their head and back upward, keeping the arms 
straight, reaching forward along the floor towards a line that was 3 inches away from the 
longest finger tip of each hand; then curled back down so that the upper back again 57 
touched the floor. During the entire curl-up, the fingers, feet, and buttocks stayed on the
 
mat. The movement was continuous and well controlled.
 
3. The test score was the number of complete line touches in a minute, where
 
curl-ups which deviated from protocol form were not included in the total.
 
Statistical Analysis 
A personal computer with SuperANOVA software package (Abacus Concepts, 
Inc. Berkeley, Ca.) was utilized for data management and statistical analysis. Standard 
descriptive statistics (mean and standard deviation) for age, height, and weight were 
calculated. 
The association between X and Y displacements of points B and C was obtained 
at the L3-L4 and IA-L5 junctures. The regression coefficient between X and Y 
displacements for points B and C defined the direction of displacement for the anterior 
and posterior aspects of the intervertebral discs (Kanayama et al., 1995). 
At the completion of the lift (the erect standing position), a paired t-test was 
utilized to determine differences between conditions (no support belt and 11.5 kg load, 
support belt and a 11.5 kg load) for the dependent variables of compressive and anterior 
shear disc deformation (L4-L5). It should be noted here that disc compressive and shear 
deformation are a measure of change in disc shape from the no support belt and no load 
condition, while in the erect standing position. Therefore, a 1x3 analysis of variance 
(ANOVA) design with repeated measures would be inappropriate, as by definition disc 
compressive and shear deformation are not a measurable quantity during the no support 
belt and no load condition while standing erect. 
At the beginning and mid-range of the lift, a lx3 analysis of variance (ANOVA) 
design (completely within) with repeated measures was utilized to determine differences 
between conditions (no support belt and no load, no support belt and 11.5 kg load, and 58 
support belt and a 11.5 kg load), for the dependent variables of compressive and anterior 
shear disc deformation (L4-L5). It should be noted here that disc compressive and shear 
deformation are a measure of change in disc shape from the no support belt and no load 
condition, while in the erect standing position. Therefore, disc compressive and shear 
deformation are measurable quantities during the no support belt and no load condition 
while the spine is flexed in the stooped position (initiation of the lift) and in the mid-range 
position. 
For the variable L4-L5 joint angle, a 1x3 analysis of variance (ANOVA) design 
(completely within) with repeated measures was utilized to determine differences between 
conditions (no support belt and no load, no support belt and 11.5 kg load, and support 
belt and a 11.5 kg load) at completion of the lift in the erect standing position. It should 
be noted here that the L4-L5 joint angles was compared directly to the resting condition 
angular measure (ie. angular measures were compared directly whereas disc deformation 
compared changes from the resting values). 
A statistical limitation regarding power (1-13) warrants mention. An evaluation of 
power for this study is based on an alpha = .05, number of subjects (n = 12), 3 
treatments (p = 3), and the largest difference among means of C = 1.25. Power is 
estimated to be approximately .70 (Kirk, 1982). This suggests that there is a 70% chance 
of correctly rejecting the null hypothesis, conversely there is also a 30% chance of 
incorrectly failing to reject the null hypothesis. All other factors held constant, a larger 
sample size would increase the statistical power of the study. While this would appear to 
be a simple "fix" it was prohibited by the number of volunteers available at this industrial 
facility and the financial resources required to perform the additional testing. 
Pearson product correlations were conducted in order to determine if any 
meaningful relationship existed between trunk strength measures (flexion and extension), 
flexion endurance, and disc deformation or L3-L4, L4-L5 joint angles. A correlation 
matrix was utilized to identify r values greater than or equal to .52. A relationship was 59 
deemed significant if r  .52. This significance level is based on an alpha = .05 and 9 
degrees of freedom (Thomas & Nelson, 1985). 60 
Chapter IV 
Results 
The purpose of this study was to determine if a commonly used support belt could 
be effective in relieving the amount of disc deformation incurred by the lumbar spine 
during stoop-type lifting. Lateral fluoroscopic images of the lumbar spine under load 
provided the means for quantifying disc deformation and lumbar segment joint angles. 
Comparison of these variables between belted and non-belted conditions was the 
methodology for determining the effectiveness of the lumbar support belt. 
This investigation also attempted to determine if trunk strength is associated with 
the amount of disc deformation that results from stoop-type lifting. Abdominal and spinal 
erector isokinetic strength measures were collected and correlated with disc deformation 
values due to stoop-type lifting. Additionally, the results of a 60-second abdominal curl-
up test (a measure of endurance) was also correlated with disc deformation measures due 
to lifting. 
The results of this study are based on the aforementioned variables as collected 
from a pool of relatively healthy male subjects (see Discussion for definition of relatively 
healthy). The support belt used during this study was the Ergodyne Proflex 2000 SF®. 
Stoop-type lifting was performed with a load of 11.5 kilograms while lateral fluoroscopic 
images were collected of the lumbar region. It was assumed that disc deformation 
occurred primarily in the sagittal plane with symmetrical frontal plane deformation. 
Analysis of variance with repeated measures was utilized to determine mean 
differences between belted conditions. Pearson product correlations were employed to 
determine if any meaningful relationships existed between trunk strength, disc 
deformation and lumbar segment joint angles. A significance level of alpha = 0.05 was 61 
used for all statistical analysis. Calculated p values greater than but near the established 
alpha level also appear in the results. 
Subject Characteristics 
Fourteen subjects recruited from Teledyne Wa-Chang (Albany, Oregon) 
volunteered for participation in this study. The subjects averaged approximately 20 years 
of employment with Teledyne and were primarily assigned to physically demanding labor 
positions associated with a heavy industrial site. Subject mean height, weight, and age 
were 177.4 (±6.4) centimeters, 87.0 (±10.7) kilograms, and 49.7 (±3.7) years. Table 1 
lists the subject characteristics of height, weight, and age. 
Fourteen of the subjects participated in the fluoroscopic imaging portion of this 
study. One subject's images were distorted with out-of-plane movement and were thus 
not included in subsequent analysis. Another subject's back became uncomfortable 
during the stoop lifting and did not complete the imaging portion of the study. Therefore, 
a total of twelve subjects' data were used to analyze the effectiveness of the lumbar 
support belt. Of these twelve subjects, one was unable to participate during the collection 
of the trunk strength measures. Therefore, a total of eleven subject's data were used for 
correlation calculations between trunk strength/endurance, disc deformation, and lumbar 
segment joint angles. 
Results Pertaining to Disc Deformation and Support Belt Efficacy 
Disc deformation was characterized in a manner consistent with Kanayama et al. 
(1995). A local coordinate system was established defining disc deformation for both 
discs L3-L4 and L4-L5. In the local coordinate system for L3-L4, the posterosuperior 
corner of LA served as the origin (in the sagittal plane). The X-axis extends out along the 
superior border of LA and the Y-axis is perpendicular to it. The displacement (X and Y) 62 
of the inferior corners (anterior and posterior) of L3 from their initial position served as 
the measure of L3-L4 disc deformation. X and Y displacements defined shear and 
compressive disc deformation respectively. Point B designates the inferior anterior corner 
of L3 and Point C designates the inferior posterior corner of L3 (see figure 2). The L3-L4 
joint angle was the angular measure between the X-axis and a line connecting points B 
and C. 
In the local coordinate system for L4-L5 the posterosuperior corner of L5 served 
as the origin (in the sagittal plane). The X-axis extends out along the superior border of 
L5 and the Y-axis is perpendicular to it. The displacement (X and Y) of the inferior 
corners (anterior and posterior) of L4 from their initial position served as the measure of 
L4-L5 disc deformation. X and Y displacements defined shear and compressive disc 
deformation respectively. Point B designates the inferior anterior corner of L4 and Point 
C designates the inferior posterior corner of L4 (see Figure 2). The L4-L5 joint angle was 
the angular measure between the X-axis and a line connecting points B and C. 
Tables 2 and 3 provide group mean and standard deviations for raw intervertebral 
disc coordinates (L3-4 & L4-5) for the no load no belt condition. Tables 4 and 5 provide 
group mean and standard deviations for intervertebral disc deformation (L3-4 & L4-5) for 
the no load no belt condition. 
In the starting position for the stoop lift, the trunk is in a flexed position (see 
figure 1). The displacement of points B and C during flexion for both L3-L4 and L4-L5 
as well as joint angles are listed in Table 6. The displacements listed in Table 6 define 
maximum disc deformation of the lumbar discs due to the trunk's flexed position without 
any loading due to stoop-type lifting. 
The association between the displacement of X and Y for points B and C defines 
the direction of displacement while the trunk is flexed. Figures 4 and 6 illustrate the 
relationship between X and Y for point B of the L3-L4 and L4 -L5 junctures, respectively. 
Figures 5 and 7 illustrate the relationship between X and Y for point C of the L3-L4 and 63 
L4-L5 junctures, respectively. Table 7 lists the direction of displacement for all subjects, 
where B is the regression coefficient relating the X and Y displacements and R2 is the 
square of the correlation coefficient. 
Prior to investigating the effects of the support belt, it was essential to determine if 
there was any effect due to stimulus period order. Paired t-tests were performed 
comparing disc deformation measured during the first stimulus period with that measured 
during the second stimulus period (belted conditions were balanced with respect to the 
two stimulus periods). No significant differences were detected between the two stimulus 
periods due to order effect (p> .05). Therefore, any order effect due to the stimulus 
period was deemed negligible while exploring the effects of the support belt on disc 
deformation. 64 
Table 1
 
Descriptive Characteristics of Subjects (n=14)
 
Subject  Height (cm)  Weight (kg)  Age (yrs)
 
Si  165.1  69.9  51
 
S2  182.9  86.2  49
 
S3  185.4  90.3  54
 
S4  175.3  72.6  52
 
S5  175.3  90.7  55
 
S6  180.3  88.9  46
 
S7  177.8  104.3  49
 
S8  182.9  88.5  56
 
S9  167.6  68.0  46
 
SIO  185.4  90.7  47
 
Sll  172.7  83.9  44
 
S12  177.8  95.3  46
 
S13  182.9  101.2  52
 
S14  172.7  86.2  49
 
Mean  177.4  87.0  49.7
 
SD  6.4  10.7  3.7
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Table 2 
Group Means and Standard Deviations for L3-4 Raw Intervertebral Disc Coordinates: No 
Load, No Belt 
L3-4  Point B  Point C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  37.48 (3.69)  11.23 (1.83)  .02 (.99)  10.34 (2.98)  1.4 (5.3) 
Mid-Range  36.55 (4.03)  12.28 (2.01)  -.73  (1.10)  9.07  (3.07)  5.1  (6.2) 
Erect  34.80 (4.03)  14.81  (1.89)  -1.87 (1.13)  6.73  (1.78)  12.6 (3.7) 
Table 3 
Group Means and Standard Deviations for L4-5 Raw Intervertebral Disc Coordinates: No 
Load, No Belt 
L4 -5  Point B  Point C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  35.32 (4.41)  11.77 (1.95)  -.63 (1.35)  9.26 (3.15)  4.2 (5.4) 
Mid-Range  34.64 (4.26)  12.59 (2.13)  -1.11 (1.20)  8.32 (3.16)  7.1  (6.3) 
Erect  32.49  (4.40)  15.48 (2.45)  -2.24 (.79)  5.74 (1.90)  16.0 (5.1) 66 
Table 4 
Group Means and Standard Deviations for L3-4 Intervertebral Disc Deformation: No 
Load, No Belt 
L3-4  Point B  Point C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  2.69 (.97)  -3.58 (1.01)  1.89  (.76)  3.61  (1.62)  1.4 (5.3) 
Mid-Range  1.75  (.86)  -2.53  (1.38)  1.13  (.66)  2.34 (1.43)  5.1  (6.2) 
Erect  0.00 (0.00)  0.00 (0.00)  0.00 (0.00)  0.00 (0.00)  12.6 (3.7) 
Table 5 
Group Means and Standard Deviations for L4-5 Raw Intervertebral Disc Deformation; No 
Load, No Belt 
L4-5  Point B  Point C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  2.83  (1.63)  -3.72 (1.60)  1.61  (1.07)  3.52 (1.86)  4.2 (5.4) 
Mid-Range  2.15 (1.34)  -2.89 (1.52)  1.13 (.84)  2.58 (1.67)  7.1  (6.3) 
Erect  0.00 (0.00)  0.00 (0.00)  0.00 (0.00)  0.00 (0.00)  16.0  (5.1) 67 
Table 6 
Group Means and Standard Deviations for Displacements from the X and Y-axis;
 
Initiation of the Stoop-lift, Trunk Flexed
 
Point B  Point C  A Joint Angle 
X  Y X 
L3/4  2.69 (0.97)  -3.58 (1.01)  1.89 (0.76)  3.61  (1.62)  11.1  (3.7) 
L4/5  2.83 (1.63)  -3.72 (1.60)  1.61  (1.07)  3.52  (1.86)  11.8  (5.3) 
Maximum displacement (mean and (standard deviation) mm) from the X and Y axis and 
angular displacement (degree) in the flexed position at the initiation of the stoop-lift. 
Table 7 
Group Means and Standard Deviations for Direction of Displacement 
L3/4 B  L3/4 C  L4/5 B  L4/5 C 
B R2  B R2  B  R2  B R2 
Group  -1.2  0.79  1.6  0.66  -1.0  0.76  1.8  0.81 
Kanayama et al. 1995  -1.0  0.71  1.1  0.67  -1.2  0.92  1.4  0.87 
Direction of displacement of each point during flexion (B-regression coefficient between 
X and Y displacements, R2-square of the correlation coefficient). 68 
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Support belt efficacy was to be determined by collecting lateral fluoroscopic 
images of the lumbar spine under three different conditions. These three conditions were: 
from a stooped position with spine flexed to standing erect under no load without a 
support belt, from a stooped position with spine flexed to standing erect under load 
without a support belt, and from a stooped position with spine flexed to erect standing 
under load with a support belt. For each condition, the first image was collected at the 
initiation of the movement (stooped position with spine flexed), the second image was 
collected at mid-range of the movement, and third image was collected at the completion 
of the movement (standing erect). 
Initiation of the Movement. Figures 8 and 10 provide a comparison of shear disc 
deformation between conditions of points B and C at the L4-L5 juncture during the 
initiation of the lift (ie. stooped position with spine flexed). A 1x3 analysis of variance 
(ANOVA) design (completely within) with repeated measures yielded no significant 
differences (p>.05) between mean disc deformation measures for either point B or C. 
Greenhouse and Geisser corrected p-values were .2069 and .2066, respectively. 
Individual subject disc coordinate values can be found in appendix C. 
Figures 9 and 11 provide a comparison of compressive disc deformation between 
conditions of points B and C at the L4-L5 juncture. A 1x3 analysis of variance (ANOVA) 
design (completely within) with repeated measures yielded significant differences (p<.05) 
between mean disc deformation measures for point B and a near significant difference for 73 
point C. Greenhouse and Geisser corrected p-values were .0278 and .0639, respectively. 
Post-hoc linear contrast tests identified differences between the no load no belt condition 
and the load no belt condition for both points B (p=.0224) and C (p=.0053). Individual 
subject disc coordinate values can be found in appendix C. 
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Mid-range of the Movement. Figures 12 and 14 provide a comparison of shear 
disc deformation between conditions of points B and C at the L4-L5 juncture during the 
mid-range of the movement (ie. mid-way between the initial stooped position with spine 
flexed and the end position, standing erect). A lx3 analysis of variance (ANOVA) design 
(completely within) with repeated measures yielded no significant difference (p>.05) 
between mean disc deformation measures for either point B or C. Greenhouse and 
Geisser corrected p-values for points B and C were .0813 and .1390, respectively. 
Individual subject disc coordinate values can be found in appendix C. 
Figures 13 and 15 provide a comparison of compressive disc deformation 
between conditions of points B and C at the L4-L5 juncture. A 1x3 analysis of variance 
(ANOVA) design (completely within) with repeated measures yielded significant 
differences (p<.05) between mean disc deformation measures for point B and no 
significant difference for point C (p>.05). Greenhouse and Geisser corrected p-values for 
points B and C were .0022 and .3054, respectively. A post-hoc linear contrast test 
identified a difference between the no load no belt condition and the load no belt condition 
for point B (p=.0002). Similarly, a post-hoc linear contrast test found a difference 
between the no load no belt condition and the load belt condition for point B (p=.0077). 
Individual subject disc coordinate values can be found in appendix C. 78 
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Completion of the Movement. Figures 16 and 18 provide a comparison of shear 
disc deformation between conditions of points B and C at the L4-L5 juncture during the 
completion of the lift (ie. standing erect). A paired t-test yielded no significant differences 
(p>.05) between mean disc deformation measures for point B, however a significant 
difference was detected for point C (p=.0041). Individual subject disc coordinate values 
can be found in appendix C. 
Figures 17 and 19 provide a comparison of compressive disc deformation 
between conditions of points B and C at the L4-L5 juncture. A paired t-test yielded 
significant differences (p<.05) between mean disc deformation measures for both points 
B (p=.0204) and C (p=.0083). Individual subject disc coordinate values can be found in 
appendix C. 
Figure 20 provides a comparison of joint angles between conditions for the L4-L5 
juncture. A 1x3 analysis of variance (ANOVA) design (completely within) with repeated 
measures yielded no significant differences (p>.05) between mean joint angle measures 
for the L4-L5 juncture. The Greenhouse and Geisser corrected p-value was .6748. 
Individual subject joint angle measures can be found in appendix C. 83 
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Results Pertaining to Disc Deformation and Trunk Strength 
Muscle strength of the trunk extensors and trunk flexors was measured with the 
Kin Corn H5000 isokinetic dynamometer. Muscular endurance of the trunk flexors was 
measured via a 60 second trunk curl-up test. Mean isokinetic trunk extension and flexion 
strength values were 993 (± 320) and 660 (± 128) Newtons, respectively. Mean trunk 
flexion endurance scores were 44 (± 9) repetition/minute. Subject data are located in 
Table 8. 
A correlation matrix was constructed to identify relationships between trunk 
strength and endurance, and disc deformation and joint angles. Trunk strength and 
endurance were compared to disc deformation due to stoop-type lifting of a 11.5 kg load 
(without a belt) at the initiation of the movement (stooped position with spine flexed), at 
mid-range of the movement, and at the completion of the movement (standing erect). 
Trunk strength and endurance were also compared to the L3-I4 and L4-L5 joint angles at 
the completion of the movement (standing erect). Correlations that exhibited a significant 
relationship are reported below. A relationship was deemed significant if the correlation 
exceeded .52 (ie. r  .52). This significance cut-off is based on an one-tailed alpha = .05 
and 9 degrees of freedom (Thomas & Nelson, 1985). 
Figures 21 and 22 illustrate the relationship between trunk flexion strength and 
shear disc deformation of points B and C at the L3-L4 juncture during the initiation of the 
lift (ie. stooped position with spine flexed). The magnitude of the relationships for points 
B and C were r = -.57 and r = -.68, respectively. The negative sign indicates that greater 
strength levels are associated with smaller shear disc deformation values. 
Figures 23 and 24 demonstrate the relationship between trunk flexion strength and 
shear disc deformation of points B and C at the L4-L5 juncture during the initiation of the 
lift (ie. stooped position with spine flexed). The magnitude of the relationships for points 89 
B and C were r = -.59 and r = -.74, respectively. The negative sign indicates that greater 
strength levels are associated with smaller shear disc deformation values. 
Figures 25 and 26 demonstrate the relationship between trunk flexion strength and 
shear disc deformation of points B and C at the L4-L5 juncture during the mid-range of 
the movement (ie. mid-way between the initial stooped position with spine flexed and the 
end position, standing erect). The magnitude of the relationships for points B and C were 
r = -.51 and r = -.60, respectively. The negative sign indicates that greater strength levels 
are associated with smaller shear disc deformation values. 
Figures 27 illustrates the relationship between trunk extension strength and the 
L3-L4 joint angle during the completion of the lift (ie. standing erect). The magnitude of 
the relationship between extension strength and the L3-L4 joint angle is r = -.60. The 
negative sign indicates that greater strength levels are associated with smaller changes in 
the L3-L4 joint angle. 
Figures 28 and 29 illustrate the relationship between trunk flexion endurance and 
shear disc deformation of points B and C at the L3-L4 juncture during the completion of 
the lift (ie. standing erect). The magnitude of the relationships for points B and C were r 
= -.75 and r = -.74, respectively. The negative sign indicates that greater endurance levels 
are associated with smaller shear disc deformation values. A comprehensive list of 
correlations can be found in Appendix D. 
In order to determine if subjects with weaker abdominals benefited more from 
wearing a support belt than did their counter-parts with stronger abdominals, subject data 
were divide into two groups based on isokinetic flexion strength scores. Disc deformation 
data from the subjects in the group with the lowest flexion strength scores were analyzed. 
Comparisons between load belt and load no belt conditions were made via paired t tests 
for the flexed, mid-range, and erect trunk positions. The results of these comparisons (p­
values) were in agreement with the results provided earlier in this Chapter for the between 
belted conditions, for the subject group as a whole. These results suggest that belt 90 
wearing does not provide a greater effect in terms of reduced disc deformation for 
individuals with weaker abdominals. 
Table 8
 
Trunk Strength and Endurance Measures of Subjects (n=14)
 
Subject  Extension (Newton)  Flexion (Newton)  Curl-up Score 
(repetition/minute) 
S1  573  625  37 
S2  1267  595  58 
S3  1315  617  46 
S4  1161  706  60 
S5  743  559  54 
S6  1540  679  46 
S7  1359  837  37 
S8  875  430  41 
S9  578  498  44 
S10  907  720  39 
Si'  957  633  35 
S12  602  832  40 
S13  1033  843  30 
S14 
Mean  993  660  44 
SD 320  128  9 91 
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Figure 21. Relationship between trunk flexion strength and shear disc deformation. 
Initiation of the lift (flexed trunk), L3-L4 juncture, point B delta X (mm). 92 
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Figure 23. Relationship between trunk flexion strength and shear disc deformation. 
Initiation of the lift (flexed trunk), L4-L5 juncture, point B delta X (mm). 94 
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Figure 24. Relationship between trunk flexion strength and shear disc deformation. 
Initiation of the lift (flexed trunk), L4-L5 juncture, point C delta X (mm). 95 
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Figure 25. Relationship between trunk flexion strength and shear disc deformation. Mid­
range of the lift (partially flexed trunk), L4-L5 juncture, point B delta X (mm). 96 
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Figure 26. Relationship between trunk flexion strength and shear disc deformation. Mid­
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Figure 28. Relationship between trunk flexion endurance and shear disc deformation. 
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CHAPTER V
 
Discussion 
Discussion Pertaining to Subjects 
The subjects in this study were recruited from a heavy industrial site where they 
typically performed physically demanding tasks as part of their job responsibilities. The 
subject pool averaged 50 years of age and approximately 20 years of service with this 
company. These subjects were targeted for recruitment in an attempt to address concerns 
by NIOSH (1994) that previous studies had failed to select subject populations 
representative of the work force. Additionally, it was felt that these workers performed 
strenuous tasks and would be the most likely to benefit from using a support belt. 
The subjects were all injury and pain free at the time of data collection, but all had 
experienced some sort of back pain or injury in the past. Previous research has estimated 
that as many as 70% of the general populace will experience sciatica or back strain during 
their lifetime (Andersson, 1981; Pope, Andersson, Frymoyer, and Chaffin, 1991). It is 
likely a much greater percentage for individuals who perform heavy laboring tasks such 
as the subjects in this study. Therefore, the results of this study are based on a pool of 
what is considered relatively "normal" male subjects approximately 50 years of age. 
A further discussion of "normal" is warranted at this point. Radiographic studies 
of the lumbar spine attempting to establish standards or "norms" for extension, flexion, 
lateral bending, and rotation have been inconclusive (Dvorak, Panjabi, Chang, Threiler, 
& Grob, 1991; Hayes, Howard, Gruel, & Kopta, 1989; Tanz, 1953). The authors 
concluded that the large inter-individual variance of these angles was of an extent that they 
should not be used for diagnosing lumbar instability. Nordin and Frankel (1989) stated 
that the normal variation of lumbar range of motion among individuals is so great that the 101 
"the range of motion in each of the three planes shows a Gaussian distribution." Calliet 
(1988) stated that normal "has a relative interpretation in which the norms have not yet 
been clearly established, delineated, and totally accepted. "Further, whatever is deemed 
normal for the low back in the future will likely be an age-dependent criteria, as it is 
known that the range of motion decreases by approximately 50% from youth to old age 
(Moll & Wright, 1971). 
It is presumed that the large inter-individual subject variability in the lumbar 
region impacted the ability to normalize disc deformation data to some parameter such as 
height or L5 vertebra width. Trunk strength measures were normalized to subject trunk 
length via the data collection process. During trunk strength collection, the Kin Corn's 
load cell-pad is positioned against the scapula and chest for extension and flexion 
measures respectively. The Kin Corn's load cell-pad is affixed to a lever-arm which is 
adjustable to accommodate the varying torso length of the different subjects. This process 
normalizes for torso length, which likely correlates well with body mass, height or both. 
Thus, the strength measures are to some degree, normalized for subject body size. The 
endurance flexion scores were collected utilizing a 60-second curl-up test. Curl-up test 
scores are compared on an absolute score basis (Donatelle, Snow-Harter, & Wilcox, 
1995). The presumption of comparing scores on an absolute basis is that the test is 
"inherently" normalized. Attempts to further normalize data did not increase the 
significance of statistical results or improve the correlation coefficients between different 
data sets. Therefore, data normalization beyond which was "inherent" to the data 
collection process are not reflected in the results presented. 
Discussion Pertaining to the Abdominal Cavity 
The following sections of Chapter 5 are based on premises assumed true about the 
abdominal cavity. A discussion related to these premises is warranted in order to establish 102 
a foundation for latter sections of this chapter. The anatomy of the abdominal cavity is 
briefly described along with variables which might affect it's volume and internal 
pressure. 
The abdomen is the largest cavity in the human body and is "oval" shaped with 
the apexes situated cranially and caudally. The cranial surface of the abdominal cavity is 
defined by the under surface of the diaphragm. The diaphragm separates the thoracic 
cavity from the abdominal cavity. The caudal end of the abdominal cavity is formed by 
the levetores ani and the coccygei, also known as the diaphragm of the pelvis. The 
anterior portion is formed by the abdominal muscles and the sides by the lower ribs. The 
posterior wall is comprised of the vertebral column, psoas muscle, and quadratus 
lumborum. A layer of fascia and the peritoneum encapsulate the inner wall of the cavity. 
The structures that form the abdominal cavity are not rigid and are connected in a 
manner which allow the size and shape of the cavity to vary. As the volume of the 
abdominal cavity varies, so does the associated pressure or infra abdominal pressure 
(TAP). The following variables affect IAP: 
1. Breath holding can affect the size and pressure of the abdominal cavity. When 
the lungs are filled with air, the diaphragm protrudes downward into the abdominal cavity 
exerting a pressure increase within the abdomen (McGill, Norman, & Schrratt, 1990). 
2. Trunk angle can affect the size and commensurate pressure within the abdomen 
(Harman, Rosenstein, Frykman, & Nigro, 1989). Further, the amount of spinal flexion 
involved during trunk flexion may also reduce the size of the cavity further. 
3. Abdominal muscular tension, both active and passive can alter IAP (Bartelink, 
1957). 
4. Belt wearing can constrict the size of the abdominal cavity and also affect IAP 
(McGill, Norman, & Schrratt, 1990). 103 
5. The contents of the stomach may also affect IAP (ie. after a large meal, the 
stomach is enlarged within the confines of the abdominal cavity and increases the intrinsic 
IAP). 
6. Several of these variables may interact with a synergistic effect. 
The potential effect of IAP on lumbar stresses will be discussed in the following 
sections of this chapter. 
Discussion Pertaining to Disc Deformation and Support Belt Efficacy 
Previous investigators examining the efficacy of back support belts focused on 
monitoring the dependent variables of: EMG, inner-disc pressure, inner-abdominal 
pressure, gross trunk motion, intersegmental mobility, and stature loss (Bourne & Reilly, 
1991; Filder & Plasmans, 1983; Harman, Rosenstein, Frykman, & Nigro, 1989; Lantz & 
Schultz, 1986a, 1986b; McGill, Norman, & Sharrat, 1990; Waters & Morris, 1970). 
These researchers hoped that by monitoring changes in these variables due to the 
introduction of a support belt, they could determine if the belt was indeed unloading the 
spine and, if so, by what mechanisms this unloading was occurring. The National 
Institute for Occupational Health and Safety critiqued these and other related research 
efforts and concluded, "there are insufficient data indicating that typical industrial back 
belts significantly reduce the biomechanical loading of the trunk during manual lifting" 
(NIOSH, 1994). 
This study utilized fluoroscopic imaging and measured disc deformation in a 
manner consistent with Kanayama et al. (1995), focusing on changes in disc deformation 
as a function of support belt usage. This approach circumvented the need to determine 
what physiologic and/or mechanical mechanisms were responsible for the support belt's 
effectiveness in reducing spinal loading (or lack thereof). The theory being, that if the belt 
was in some manner unloading the spine it would be manifested via a reduction in disc 104 
deformation. Since there is a relationship between disc deformation and stress, a 
reduction in disc deformation would then imply a reduction in stress. Hence, this 
methodology provided the ability to measure compressive and shear loading of the 
intervertebral disc. 
The displacement of points B and C during the initiation of the lift (stooped 
position with spine flexed, no load, no belt) are listed in Table 6. Displacements at the 
L4-L5 juncture were larger then those observed at the L3-L4 juncture (with the exception 
of point C delta X). These results compare favorable with Kanayama et al. (1995) where 
displacement of both points was greatest at the L4 -L5 juncture (with the exception of 
point C delta X). The magnitude of displacements listed in Kanayama et al. (1995) are 
slightly higher than those reported here. In this study the initial position for the lift was a 
stooped position with the trunk flexed. The subjects were allowed to flex their trunk with 
a combination of both pelvic rotation and spinal flexion. In Kanayama et al. (1995) the 
subjects flexed their trunks while having their pelvis fixed such that trunk flexion was 
accommodated via spinal flexion only. It is likely that greater spinal flexion was achieved 
due to fixation of the pelvis and thus likely explains the larger maximum displacements. It 
is also possible that the subjects in this study achieved maximum spinal flexion during the 
initiation of the lift, as maximum spinal flexion is usually achieved at approximately 50­
60 degrees of trunk flexion (Nordin & Frankel, 1989). If this is the case, the small 
margin of difference between the results reported here and Kanayama et al. (1995) are 
likely due to inter-individual variance or age-related differences. 
Table 6 also lists the L3-L4 and L4-L5 joint angles achieved by the subjects when 
they were in the flexed trunk position at the initiation of the lift (no load, no belt). Most 
studies investigating the lumbar range of motion reported the results as a total range of 
motion, flexion combined with extension. Pearcy, Portek and Shepherd (1984) reported 
their results by separating the lumbar range of motion into flexion range and extension 
range. The authors of that study reported the flexion range of motion for the L3-L4 and 105 
L4-L5 as 12(±1) and 13(±4) degrees, respectively. The angles in this study compare 
favorably with Pearcy, Portek and Shepherd (1984) both in magnitude and descending 
order (cranial to caudal) of increasing range. The slightly lower angular values noted in 
this study are likely due to the age-related decrease in lumbar range of motion (Moll & 
Wright, 1971). Pearcy, Portek and Shepherd's (1984) subject pool averaged 29.5 years 
of age, as compared to an average age of 50 years for this subject group. 
The association between the displacement of X and Y for points B and C defines 
the direction of displacement as the trunk is flexed (at the initiation of the lift). The 
grouped subject data in Figures 4 and 6 illustrate the relationship between X and Y for 
point B of the L3-L4 and L4-L5 junctures, respectively. The negative correlation 
coefficients indicate that as the trunk is flexed, point B approximates the cranial border of 
the adjacent inferior vertebrae while displacing anteriorly. The grouped subject data in 
Figures 5 and 7 illustrate the relationship between X and Y for point C of the L3-L4 and 
L4-L5 junctures, respectively. The positive correlation coefficients indicate that as the 
trunk is flexed, point C departs from the cranial border of the adjacent inferior vertebrae 
while displacing anteriorly. The magnitude of the correlation coefficients as well as the 
goodness of fit (R2) are listed in Table 7. These values are similar to those presented by 
Kanayama et al. (1995) and are also presented in Table 7 for comparison. 
The direction and displacement of points B and C defines the criteria by which 
disc deformation will be used to assess the effectiveness of the support belt. Point B 
refers to deformation encountered on the anterior aspect of the functional unit, while point 
C refers to deformation encountered on the posterior aspect of the functional unit. Delta Y 
refers to compressive deformation and delta X refers to shear deformation. For point B, 
the criteria for assessing the effects associated with the support belt will be by minimizing 
negative changes in delta Y while minimizing positive changes in delta X. For point C, 
the criteria for assessing the effects associated with the support belt will be by minimizing 
positive changes in delta Y while minimizing positive changes in delta X. This criteria 106 
applies when the trunk departs from the erect position towards flexion, which is the case 
at the initiation and mid-range of the lift. During erect standing at the completion of the 
lift, the criteria for assessing positive effects associated with the support belt differs. 
Effectiveness will be demonstrated by minimizing negative changes in delta Y and 
minimizing positive changes in delta X, for points B and C. Changes in the position of 
point C are postulated as the most critical, as tissue failures or impingement occurring 
along the posterior surface of the functional unit are most likely to be associated with pain 
due to their location relative to the spinal cord and nerve branches (Calliet, 1988). 
Figures 8 and 10 provide a comparison of shear disc deformation between 
conditions of points B and C at the L4-L5 juncture during the initiation of the lift (ie. 
stooped position with spine flexed). No significant differences (p>.05) in mean shear 
disc deformation measures were found between conditions for either point B or C. The 
results of this comparison suggest that the support belt is not effective in terms of 
minimizing shear stress encountered by the lumbar spine at the initiation of the lift. 
Figures 9 and 11 provide a comparison of compressive disc deformation between 
conditions of points B and C at the L4-L5 juncture during the initiation of the lift (ie. 
stooped position with spine flexed). Significant differences (p<.05) in mean compressive 
disc deformation measures between conditions were detected for point B and a near 
significant difference for point C. Post-hoc tests identified the differences were between 
the no load no belt condition and the load no belt condition for both points B and C, 
where greater compressive deformation was detected for the load no belt condition. The 
results of this comparison suggest that the support belt is not effective in terms of 
minimizing compressive stress encountered by the lumbar spine at the initiation of the lift. 
Figures 12 and 14 provide a comparison of shear disc deformation between 
conditions of points B and C at the L4-L5 juncture during the mid-range of the movement 
(ie. mid-way between the initial stooped position with spine flexed and the end position, 
standing erect). No significant difference (p>.05) in mean shear disc deformation 107 
measures were found between conditions for either point B or C. The results of this 
comparison suggest that the support belt is not effective in terms of minimizing shear 
stress encountered by the lumbar spine at the mid-range of the lift. 
Figures 13 and 15 provide a comparison of compressive disc deformation 
between conditions of points B and C at the L4-L5 juncture during the mid-range of the 
movement. Significant differences (p<.05) in mean compressive disc deformation 
measures were found between conditions for point B, while no significant differences 
were detected between conditions for point C (p>.05). Post-hoc tests identified the 
differences were between the no load no belt condition and the load no belt condition for 
point B (p=.0002). Similarly, a post-hoc test found a difference between the no load no 
belt condition and the load belt condition for point B (p=.0077). In each case, 
compressive disc deformation was significantly less for the no load no belt condition. The 
results of this comparison suggest that the support belt is not effective in terms of 
minimizing compressive stress encountered by the lumbar spine at the mid-range of the 
lift. 
During the initiation and mid-range of the lift, the loads encountered by the lumbar 
spine are at their peak. Body segment weight moments as well as the 11.5 kg load 
moment are at their greatest due to large lever arms. The erector spinae muscle group 
must exert large forces over a small lever arm to counter the torques associated with the 
body segment's weight and 11.5 kg load. As the erector spinae generates these high 
forces, the lumbar spine experiences large compressive stresses. The inclination of the 
trunk during the initiation and mid-range of the lift contributes large shear forces to the 
lumbar region as well. The posterior elements of the lumbar vertebrae (including the 
posterior portion of the intervertebral discs) bare the brunt of these forces and are 
typically the location of pain development. It is believed that the lumbar discs are most 
prone to failing when the trunk is in a flexed or rotated position while under load (Calliet, 
1988). The rationale for this is based on the knowledge of annular fiber disruption or 108 
failure criteria. It is believed that annular fibers fail after 5 degrees of vertebral rotation 
relative to a given juncture level (Calliet, 1988). The annular fibers are essentially 
stretched apart. Flexion of the spine while under load places the annular fibers under the 
same sort of loading pattern. The posterior portion of the disc is the location of greatest 
stress concentration and ultimately is the site of annular fiber failure. 
This study attempted to determine if by some physiological or mechanical 
mechanism the belt was facilitating the unloading of the lumbar spine during a given 
lifting activity. The data suggest that the support belt used was not effective in unloading 
the lumbar spine at the initiation or mid-range of the lift when lumbar stresses are at their 
greatest and annular fiber failure most likely. 
Figures 16 and 18 provide a comparison of shear disc deformation between 
conditions of points B and C at the L4-L5 juncture during the completion of the lift (ie. 
standing erect). No significant differences (p>.05) in mean shear disc deformation 
measures were found between conditions for point B. However, a significant difference 
was detected for point C (p=.0041) between the load no belt and load belt conditions. The 
shear disc deformation was significantly less for the load belt condition. The results of 
this comparison suggest that the support belt is effective in terms of minimizing shear 
stress encountered on the posterior aspect of the lumbar spine at the completion of the lift. 
Inspection of shear deformation at the L3-L4 juncture concurred with the findings 
observed at the L4-L5 juncture. 
Figures 17 and 19 provide a comparison of compressive disc deformation 
between conditions of points B and C at the L4-L5 juncture during the completion of the 
lift (ie. standing erect). Significant differences (p<.05) in mean compressive disc 
deformation measures were found between the load no belt and load belt conditions for 
both points B (p=.0204) and C (p=.0083). The compressive disc deformation was 
significantly less for the load belt condition. The results of this comparison suggest that 
the support belt is effective in terms of minimizing compressive stress encountered by 109 
anterior and posterior aspects of the lumbar spine at the completion of the lift. Inspection 
of compressive deformation at the L3-L4 juncture confirmed the findings observed at the 
L4-L5 juncture. 
During the completion of the lift, the loads encountered by the lumbar spine are at 
a minimum. Body segment weight moments as well as the 11.5 kg load moment are at 
their lowest due to decreased lever arm lengths. The erector spinae muscle group need 
only exert small forces over a small lever arm to counter the torques associated with the 
body segment's weight and 11.5 kg load. As the erector spinae force is reduced, the 
lumbar spine experiences lower compressive stresses. In the erect standing position, the 
inclination of the trunk contributes only small shear forces to the lumbar region. In this 
position the support belt seems to be effective in reducing the stresses encountered by the 
lumbar spine. It is curious as to why the belt seems to unload the lumbar spine in the erect 
position but not in the earlier mid-range or flexed portions of the lift. The physiologic or 
mechanical mechanism afforded by the support belt in the erect position is not of a 
significant nature during the flexed trunk portions of the lift. Therefore, the mechanism 
must either be absent during the flexed trunk portions of the lift, overwhelmed by larger 
forces in the lumbar region associated with the greater weight moments via extended lever 
arms and/or greater shear forces due to trunk inclination, or be masked by some other 
mechanism. 
Figure 20 provides a comparison of joint angles between conditions for the L4-L5 
juncture during the completion of the lift (ie. standing erect). No significant differences 
(p>.05) in mean joint angle measures were found between conditions for the L4 -L5 
juncture. The results of this comparison suggest that the support belt is not effective in 
terms of minimizing significant increases of the L4-L5 joint angle at the completion of the 
lift. Thus, the belt demonstrated no impact on the amount of lumbar lordosis in the erect 
position during lifting tasks of this nature. 110 
Lumbar lordosis is a cumulation of the joint angles L1 -L2 through L4-L5, with 
the L5 -S 1 and sacral horizontal angles also having a measurable impact. The relationship 
between extreme lordosis and low back pain has been well established (Calliet, 1988). 
The relationship between L5-S1, the sacral horizontal angle and low back pain has also 
been acknowledged (Wiltse & Winter, 1983). In this study the L5-S1 and sacral 
horizontal angles were not measured. The age related degeneration of the L5 -S 1 joint 
made it difficult to measure the L5 -S 1 or sacral horizontal angles in any reliable fashion 
(ie. the joint was fussed in most subjects). The L3-L4 and L4-L5 joint angles were 
measured as an indicator of the amount of lumbar lordosis present. As previously stated, 
no differences between conditions were detected indicating that the support belt had no 
effect on the amount of lumbar lordosis in the erect posture for lifting tasks of this nature. 
This result is in direct contrast to suggestions that corsets be worn to reduce lumbar 
lordosis in patients with low back pain (Calliet, 1988). However, in this study 
comparisons were not made between unloaded belted and unloaded non-belted conditions 
which may explain this discrepancy. Additionally, none of the subjects in this study were 
currently patients with low back pain. 
A study by Bourne and Reilly (1991) attempted to determine the effect of a 
"standard" weight-lifting belt on spinal shrinkage during circuit weight training. Spinal 
shrinkage is a measure of stature loss as a result of spinal loading. Stature loss could be 
due to compression of intervertebral discs and/or changes in the kyphotic or lordotic 
curves of the spine. Examination of the L3-L4 and L4-L5 joint angles in this study 
suggest that insignificant changes occurred in the amount of lumbar lordosis due to 
wearing a belt or the load lifted. Therefore, it could be postulated that the spinal shrinkage 
observed in earlier studies (Boocock, Garbutt, Reilly, & Troup, 1988; Bourne & Reilly, 
1991; Corlett, Eklund, Reilly, & Troup, 1987; Eklund & Corlett, 1984; Leatt, Reilly, & 
Troup, 1986; Michel & Helander, 1994; Stalharntnar, Leskinen, Rautanen, & Troup, 
1992; Troup, Reilly, Eklund, & Leatt, 1985; Tyrrel, Reilly, & Troup, 1985; Wilby, 111 
Linge, Reilly, & Troup, 1987) was a function of disc deformation only and not changes 
in kyphotic or lordotic curves of the spine. 
The lumbar support belt used in this study provided a measure of stress reduction 
in the lumbar spine. In this study subjects flexed their trunk with a combination of spinal 
flexion and pelvic rotation. The positive effects of the belt were either not present or were 
undetectable when the trunk was flexed. However, in the erect trunk position (spine not 
flexed), the lumbar stress reduction manifested itself. Other studies have detected positive 
benefits from a support belt while the trunk was in a erect position (or the trunk was 
flexed but the spine was not flexed). Nachemson, Schultz, and Andersson (1983) found 
reduced inner disc pressures (IDP) as a result of wearing a support belt for isometric 
extension resistant tasks while the trunk was in the erect position. Lander, Simonton, and 
Giacobbe (1990) measured a number of variables and used a model to calculate L5-S1 
forces during a squat exercise. Assuming the squat was performed in a proficient manner, 
trunk flexion occurs primarily via pelvic rotation with little or no spinal flexion. The 
author's calculations suggested that the two belted conditions had "significantly smaller 
forces than the non-belted conditions." Bourne and Reilly (1991) attempted to determine 
the effect of a "standard" weight-lifting belt on spinal shrinkage during circuit weight 
training. Spinal shrinkage is measured in the erect standing position. The stature loss for 
the belted group was less than that of the non-belted group. McGill, Seguin, and Bennet 
(1994) studied the effect of belt wearing and breath holding on passive stiffness of the 
upper torso. Stiffness measures were taken with the subjects standing in the erect position 
with bending moments applied to the trunk. The authors concluded that belts and breath 
holding appear to increase trunk stiffness in the frontal and transverse planes with little 
effect on sagittal plane torso stiffness. 
The results of this study combined with those of similar findings might suggest 
that using a support belt in any scenario where the spine is not flexed might be beneficial 
in terms of unloading the spine. For example, sitting in a chair requires the hip to be 112 
flexed with minimal spinal flexion. It is has been hypothesized that prolonged sitting 
causes a posterior migration of nuclear material within the disc (McKenzie, 1981), and a 
reduction of stature (Michel & Helander, 1994). Wearing a support belt might mitigate or 
minimize the stresses on the lumbar spine due to prolonged sitting. As mentioned above, 
squatting with proper technique insures trunk flexion occurs as a result of pelvic rotation 
with little or no spinal flexion. Under these conditions, the stresses encountered by the 
lumbar spine may be reduced through use of a support belt. Carrying a load over a 
distance where the trunk is erect is another example when a support belt might facilitate 
spinal unloading. 
The question as to why the support belt appears to function only when the lumbar 
spine is not flexed (ie. normal lordosis) must be asked. First, it should be noted that even 
when the spine was flexed, there was a trend towards reduced disc deformation for the 
belted conditions at the initiation of the lift and at mid-range of the lift. This trend was 
seen at the L3-L4 and L4-L5 junctures (see Appendix C). However, this trend was not 
considered statistically significant. It is possible that had a greater load been utilized 
during the lift this trend towards reduced disc deformation during belted conditions may 
have exhibited a statistical significance. 
Another possible explanation may have to do with infra abdominal pressure (IAP) 
and it's inter-relationship with breath holding and belt wearing. McGill, Norman, and 
Sharratt (1990) demonstrated that breath holding as well as belt wearing significantly 
increased IAP during squat lifts. Breath holding was not controlled during this study for 
two reasons. First, it reduces the external validity of the results. Second, it has been 
postulated that there is an elevated cardiovascular risk associated with breath holding and 
lifting (Hunter, McGuirk, Mitrano, Pearman, Thomas, & Arrington, 1989). The subjects 
in this study averaged 50 years of age. It was decided that a protocol with instructions for 
breath holding might be potentially dangerous. However, the subjects were allowed to 
hold their breath if it was natural for them to do so, as "casual observation of all sorts of 113 
lifting indicates that people hold their breath during exertion" (McGill, Norman, & 
Sharratt, 1990). It is possible that lack of controlling breath holding may have in some 
manner confounded the effects of wearing a support belt. 
Previous research suggests that during lifting, IAP is greater when the trunk is 
flexed (with or without spine flexed) as compared to when the trunk is erect (Harman, 
Rosenstein, Frykman, & Nigro, 1989). The reason for this is due to the volume of the 
abdominal cavity being reduced during trunk flexed conditions and thus a compensatory 
increase in IAP must result. Breath holding and belt wearing are known to increase IAP 
and thus would affect the amount of IAP increase due to trunk flexion. If this is the case, 
it is possible that the increase in IAP due to trunk flexion and breath holding were of 
sufficient magnitude to mask any potential reductions in disc deformation which might 
have been afforded by increases in IAP due to the support belt. This of course presumes 
that increased IAP facilitates unloading of the lumbar spine in some manner. 
During erect standing conditions, the volume of the abdominal cavity re-expands 
and a compensatory reduction in IAP occurs. Under these circumstances, the relative 
contribution of IAP due to belt wearing is now larger then during the flexed trunk 
conditions. This might explain why a significant reduction in disc deformation was 
observed at the completion of the lift, in the erect standing position during the belted 
condition. 
The hypothesis forwarded above is based on the theory that IAP is unloading the 
spine in some manner. The proponents and opponents of this theory have debated this 
topic at length. The issue is still unresolved. Proponents of the theory suggest that 
thoracic and abdominal cavities act as "rigid wall cylinders", potentially resisting 
compressive loads that would otherwise be placed on the lumbar spine (Morris & Lucas, 
1964). Others suggests that the spinal compressive loads are reduced by a trunk extensor 
moment which is generated by increased IAP (Bartelink, 1957; Morris, Lucas, & 
Bresler, 1961). The magnitude of this extensor moment is a product of diaphragm area, 114 
the moment arm connecting the diaphragm to the lumbar region, and IAP. The extensor 
moment associated with increased IAP is thought to reduce the muscle activity of the 
trunk extensors, and hence reduce spinal compression. Finally, Gracovetsky and Farfan 
(1984) proposed that increases in IAP exert a posterior hydraulic action on extensor 
tissue. Tension is generated within the tissue, thus producing an extensor moment. 
Opponents of IAP's role in unloading the spine argue these points. McGill and Norman 
(1993) provided a synopsis of the current state of thought with respect to the role of IAP 
in reducing spinal loading, "the generation of IAP during load-handling is well 
documented, the role of IAP is not." 
McGill and Norman (1993) forwarded the postulate that IAP was likely related to 
a mechanism by which the lumbar spine is stabilized with little or no effect on reducing 
compressive loads. Likewise, they suggested that the activated abdominals which 
increase IAP "create a rigid cylinder of the trunk, resulting in a stiffer structure." If this is 
the case, the authors are unknowingly stating that IAP must be actively involved in 
reducing shear stresses or providing shear stress relief of the lumbar spine. The stiffer a 
structure is, the greater it's resistance to changes in shape. If trunk stiffness is providing 
resistance to changes in shape in an anterior-posterior direction, then increased trunk 
stiffness is resisting loads that would otherwise be placed on the lumbar spine. 
McGill and Norman's (1993) contribution related to lumbar support belts is one 
which expands this rationale to encompass how IAP may provide a mechanism for 
stabilizing the lumbar spine. It is stated that lumbar support belts increase IAP by 21% 
(McGill & Norman, 1993). Thus, IAP increases due to belt wearing are forwarded as a 
means of further stiffening the lumbar spine. Additionally, the authors suggest that the 
abdomen might benefit from the structure afforded by a support belt by minimizing 
anterior-posterior shear, much the same as the rib cage in the thoracic spinal region. 115 
This research effort focused on the premises forwarded by McGill and Norman 
(1993). Supporting information not elucidated by the aforementioned authors is 
forwarded here. 
Assume the spine and trunk behave as a column. Column buckling theory 
suggests that the buckling limit of a column can be elevated by increasing the mass 
moment of inertia (I) or by providing lateral support to the column (Gere & Timoshenko, 
1990). A support belt satisfies both these criteria. First, the mass of the support belt 
(albeit small relative to the trunk) increases the area moment of inertia of the trunk. The 
increase in IAP as a result of wearing the support belt acts directly against the posterior 
wall of the abdominal cavity. The posterior wall of the abdominal cavity is coincident 
with the anterior perspective of the lumbar functional units. The increase in IAP is directly 
applied to the functional units and thus supports the spinal column and improves stability. 
This notion could best be visualized in the following manner: whatever pressure is 
exerted against the support belt is the minimum pressure exerted against the lumbar spine. 
In this manner a support belt is proposed to act much the same as abdominal strength and 
endurance does. The influence of IAP on spinal stability is expanded further in the next 
section of this chapter (Discussion Pertaining to Disc Deformation and Trunk Strength). 
Verification for this notion of improved stability due to belt wearing is observed 
on a number of occasions in the respective literature. McGill, Seguin, and Bennet (1994) 
studied the effect of belt wearing and breath holding on the passive stiffness of the upper 
torso. The authors concluded that belts and breath holding appear to increase trunk 
stiffness. 
Lander, Hundley, and Simpton's (1992) research effort focusing on the squat 
determined that IAP was significantly increased from 25-40% for belt-wearing conditions 
over the non-belt conditions. Ground reaction force data during the up phase (or ascent 
phase of the lift) of the belted condition was of significantly less duration than the non-
belted condition. This same phenomena was exhibited in an earlier study by Lander, 116 
Simonton, and Giacobbe (1990). Woodhouse, Heinen, Shall, and Bragg (1990) 
measured the effects of lumbosacral supports on isokinetic lifting parameters of the squat. 
The data demonstrated a trend towards greater peak force and greater average muscular 
power while wearing a support belt. The data of these studies implies that the subjects 
were able to perform the lifting tasks much more rapidly during belted conditions. 
It is suggested here that the ability to perform lifting tasks in a smaller time 
interval is the result of improved spinal stability, the result of increased IAP afforded by a 
lumbar support belt. A similar phenomena is observed when comparing lifting activities 
performed on a lifting apparatus (machine lifting) versus free weights. Subjects can 
invariably lift more weight at a greater rate on a lifting machine than for the identical 
movement with free weights. The reason for this differential is that the weight or 
resistance associated with a lifting apparatus is pre-stabilized by the equipment itself. The 
need for the musculature system to stabilize the weight is alleviated. The neuromuscular 
system need only direct it's efforts towards pushing as hard as possible in the direction of 
the pre-stabilized resistance provided by the lifting apparatus. When handling free 
weights the neuromuscular system is challenged to not only move the weights but to 
balance them as well. It is hypothesized that in a similar manner, a lumbar support belt 
stabilizes the lumbar spine (via increased IAP), which in turn allows the neuromuscular 
system to focus on moving the weight, with a reduced burden of balancing and stabilizing 
the lumbar spine. This hypothesis is best left to motor control experts to explore further. 
It was proposed in Chapter 1 that support belts most likely work through a 
mechanism of shear reduction in the lumbar region. The results of this study suggest that 
a support belt may be effective in terms of reducing compressive and shear stress in the 
lumbar region when the trunk is in an erect posture. Additionally, it was postulated in this 
chapter that the support belt might provide this same sort of stress reduction any time the 
spine is in a normal lordotic posture regardless of trunk angle. 117 
The lumbar spine is most vulnerable to injury during extreme spinal flexion as 
well as rotation, with an even greater susceptibility to injury during lifting tasks requiring 
these postures (Calliet, 1988). If the support belt is not effective in reducing lumbar spine 
stresses while in these most critical postures, the efficacy of support belt usage most be 
questioned. The data do not support the contention that support belts are reducing shear 
stress in the lumbar region while in the most critical positions when shear forces are at 
their greatest. The data in this study suggest that support belts are effective in non-critical 
postures in terms of reducing compressive and shear stress in the lumbar spine. 
It must also be kept in mind that the results of this study are based on static lifting 
postures. Lifting activities are more often of a dynamic nature. Researchers such as 
Stewart McGill have suggested that low back injuries may be related to a momentary 
motor control failure, which leads to tissue damage or nerve impingement. If this is the 
case, it would be unlikely to identify such an event during a static lifting event. Therefore, 
the impact of a support belt on dynamic motor control movements can not be addressed 
based on the results of this study. Additionally, the interaction of the inertial 
characteristics of the trunk during a dynamic lifting activity can not be addressed by this 
study. 
The question as to whether the number of workplace back injuries could be 
reduced by wearing support belt remains unanswered based on the results of this study. It 
appears likely that in some postures one's risk of back injury maybe reduced while 
wearing a support belt. Until researchers can definitively resolve the controversy over 
support belts, medical professionals, ergonomists, engineers, epidemiologists, and 
biomechanists must carefully weigh theoretical data and empirical observations in order to 
arrive at a reasonable suggestion concerning belt usage. 
A survey was conducted by John Alden Associates (1994) regarding "what is 
happening in the real world" relating to back belt usage. Of 1621 companies contacted, 
301 replied. Of those that responded, 202 supplied support belts as part of a program to 118 
reduce back injuries. Of those 202 companies providing support belts, 86 had secured a 
data base of reduced back injuries, 84 companies were currently monitoring the number 
of back injuries, and 32 were not tracking the results of support belt usage. Of the 86 
companies, 75% had measured a reduction in claims for back injuries and 25% did not 
measure a reduction. The study by McIntyre, Bolte, and Pope (1996) reported the results 
of a epidemiological study in which 36,000 employees at the Home Depot stores 
participated in a mandatory belt program. The rate of low back injuries dropped from 
30.6 per million hours to 20.2 per million hours following the implementation of the 
program. The data from these longitudinal studies suggest that support belts are in some 
manner reducing back injuries in the workplace. 
Couple this empirical information with theoretical findings and the position of 
NIOSH related to this issue, and confusion is the most likely outcome. The question "to 
belt or not to belt?" remains unanswered. 
Discussion Pertaining to NIOSH Guidelines 
A number of assumptions were made in order to carry out this experiment. The 
NIOSH lifting equation was utilized to establish the load and frequency of lifts for this 
study (NIOSH, 1994). The reasons for selecting the NIOSH lifting equation are listed 
below. 
1. Satisfy a major criticism by NIOSH of previous research efforts regarding 
support belts, where inappropriate loads, loading frequency, and tasks performed as 
related to workplace standards were used. 
2. The NIOSH lifting equation is the industrial standard and will likely be 
incorporated as part of the proposed OSHA workplace ergonomics standards. 119 
3. Facilitating this equation provided the culmination of the greatest source of 
scientific knowledge related to low back safety and lifting, thus providing the most ethical 
format possible to conduct research with human subjects. 
4. The NIOSH lifting equation is in part based on a 3400 Newton compressive 
force as the critical stress vector at the L5 -S 1 juncture. 
With regard to these points of interest, some serendipitous information has 
emerged from this research effort. The NIOSH lifting equation is the industrial standard 
assumed to be "suitable for men and 90% of women" (NIOSH, 1994). During this study, 
one subject's back became uncomfortable to the point of discontinuation of the lifting 
stimulus period. Another subject became extremely fatigued but managed to complete 
both lifting stimulus periods. The point is this: of the subject pool used in this study, 
nearly 17% of the subjects would not likely be able to safely function within the lifting 
guidelines set forth by NIOSH on a regular basis. Either the equation should be said to be 
applicable to a less than 100% of the male populace or an age-related factor should be 
developed and included as part of the NIOSH equation. 
The NIOSH lifting equation is in part based on a 3400 Newton compressive 
force estimate as the critical stress vector at the L5 -S1 juncture, which is founded on 
Chaffin's (1969) biomechanical model. The in vivo disc deformation values measured 
during the loaded non-belted condition in this study may provide some insight into the 
validity of this and other biomechanical model estimates. The process for such a 
validation might be as follows: the biomechanical model of interest would be used to 
calculate an estimate at the L4-L5 juncture based on variables such as weight of load, 
horizontal distance from the L4-L5 juncture, individual body segments parameters, etc. In 
vivo measures of disc deformation would be combined with in vitro stress-strain data of 
the intervertebral disc to calculate stress within the disc. The biomechanical estimates 
could then be compared to known disc stress and allow some correlation to be 
established, thus providing a measure of validity of the biomechanical model. 120 
Biomechanical models could then be adjusted and the NIOSH lifting equation could 
evolve. Such a validation process lies outside the scope of this research effort but should 
be pursued elsewhere. 
The NIOSH lifting equation selected the compressive force as the critical stress 
vector in part because of the, "uncertainty regarding the effects of shear and torsional 
stresses on the lumbar tissue." The in vivo shear disc deformation values measured 
during the loaded non-belted condition in this study may provide some insight into 
NIOSH's uncertainty regarding the effects of shear on lumbar tissue. Knowledge of in 
vivo shear disc deformation (due to the load and loading pattern) could be combined with 
in vitro stress-strain data. The shear stress could then be calculated within the disc and 
compared to known in vitro failure points for lumbar discs due to shear loading. The 
NIOSH lifting equation could then evolve to incorporate shear loading criteria towards the 
prevention of low back injury. 
Discussion Pertaining to Disc Deformation and Trunk Strength 
The secondary goal of this study was to determine if isokinetic trunk strength and 
abdominal endurance have a favorable impact on the reduction of disc deformation and 
the maintenance of normal lumbar lordosis. Trunk strength and endurance measures 
were compared to disc deformation as measured during the load no belt condition. Mean 
isokinetic trunk extension and flexion strength measures were 993 (± 320) and 660 (± 
128) Newtons, respectively. Mean trunk flexion endurance scores were 44 (± 9) 
repetition/minute. The subject data are located in Table 8. 
Trunk isokinetic flexion strength was compared with compressive and shear disc 
deformation. At the initiation of the movement (stooped position with spine flexed), 
significant correlations between flexion strength and shear disc deformation were 
observed at the L3-L4 and L4-L5 junctures. The correlations ranged from -.57 to -.74 121 
and are visually presented in Figures 21 through 24. The negative sign indicates that 
greater isokinetic trunk flexion strength is associated with smaller amounts of shear disc 
deformation. No meaningful relationship was detected between flexion strength and 
compressive disc deformation in this position. It appears that in this position, abdominal 
strength significantly correlates with reduced shear stress on the lumbar spine with little 
or no effect on compressive stress. 
At mid-range of the movement, significant correlations between isokinetic flexion 
strength and shear disc deformation were observed at the L4-L5 juncture. The 
correlations ranged from -.51 to -.60 and are visually presented in Figures 25 through 26. 
The negative sign indicates that greater isokinetic trunk flexion strength is associated with 
smaller amounts of shear disc deformation. It appears that in this position abdominal 
strength significantly correlates with reduced shear stress on the lumbar spine with little 
or no effect on compressive stress. 
In the erect standing position, no meaningful relationship was detected between 
isokinetic trunk flexion strength and compressive or shear disc deformation. Additionally, 
no meaningful relationship was detected between trunk flexion strength and the L3-L4 or 
L4-L5 joint angles. The data suggest that trunk flexion strength has no measurable impact 
on the amount of compressive or shear stress encountered by the lumbar spine or the 
amount of lumbar lordosis in this position. 
In trunk flexed positions (initiation and mid-range of the lift), the loads on the 
spine due to body segments and the weight lifted are supported more so by an axial load 
due to a restorative moment generated by the spinal erectors, as opposed to a direct axial 
load of the lumbar spine. Further, because of the increased trunk angle in flexed 
positions, trunk shear forces are large. Abdominal muscular strength is accompanied by 
increased IAP due to increased active muscular tension. Since the loads on the spine are 
greatest during flexed trunk positions. muscular abdominal strength is likely responsible 
for generating IAP. It is likely that in flexed trunk positions abdominal muscular strength 122 
is responsible for stabilizing the trunk via increased IAP (the mechanism of IAP and trunk 
stabilization is elucidated below). If this is the case, this would explain why a significant 
correlation exists between abdominal strength and reduced shear stress on the lumbar 
spine while in flexed trunk positions. 
Trunk isokinetic extension strength was compared with compressive and shear 
disc deformation. No meaningful relationships were detected between these variables for 
any of the body positions during the lift for either L3-L4 or L4-L5. The lack of 
relationship between any of these variables suggests that spinal erector strength has no 
measurable impact on the amount of compressive or shear stress encountered by the 
lumbar spine during lifting tasks of this nature. A significant relationship was detected 
between isokinetic extension strength and the L4-L5 joint angle in the erect standing 
position. The magnitude of the relationship was -.60 and is presented in Figure 27. The 
negative sign indicates that greater isokinetic trunk extension strength is associated with 
smaller increases in lumbar lordosis. The data suggest that trunk extension strength may 
have a measurable impact on the amount of lumbar lordosis in this position. 
Calliet (1988) discussed the relationship between accentuated lumbar lordosis and 
low back pain. During extreme lordotic conditions, posterior elements of the functional 
unit approximate. The various tissues innervated by nerves become potential sites of 
nociception. If spinal erector strength is functional in minimizing lordotic changes during 
lifting tasks, then it is possible that strengthening this muscle group may serve to reduce 
the potential of encountering low back pain. 
Wilby, Linge, Reilly, and Troup (1987) compared isometric back strength with 
stature loss. Back strength was found to be significantly correlated with the inverse of 
stature loss. The implications of their finding suggested that a stronger back reduces the 
load on the lumbar spine. In this study, isokinetic trunk extensor strength exhibited no 
relationship with compressive disc deformation. Thus, results of this study do not 
support Wilby, Linge, Reilly, and Troup's (1987) findings. The incongruence between 123 
the results of these two studies could be due to comparison of total stature loss of the 
spine to a localized stature loss (compressive disc deformation). Recall, the sum of 
compressive disc deformation over the length of the spine should equate to stature loss. 
Further, it is possible that the method of measuring strength, isometric versus isokinetic, 
might in some manner explain lack of similarity of findings between the two studies. 
Trunk flexion endurance was compared with compressive and shear disc 
deformation. At the initiation of the movement (stooped position with spine flexed), no 
significant relationships were detected between flexion endurance and shear or 
compressive disc deformation at either the L3-L4 or L4-L5 juncture. Abdominal 
endurance appears to have no measurable impact on reducing the compressive or shear 
stress encountered by the lumbar spine while in this position. 
At mid-range of the movement, no significant relationships were detected between 
flexion endurance and shear or compressive disc deformation, at either the L3-L4 or L4­
L5 juncture. Abdominal endurance appears to have no measurable impact on reducing the 
compressive or shear stress encountered by the lumbar spine while in this position. 
At the completion of the movement (erect standing position), significant 
correlations between flexion endurance and shear disc deformation were observed at the 
L3-L4 juncture. The correlations ranged from -.74 to -.75 and are presented in Figures 28 
through 29. The negative sign indicates that greater trunk flexion endurance is associated 
with smaller amounts of shear disc deformation. No meaningful relationship was detected 
between flexion endurance and compressive disc deformation in this position. 
Additionally, no meaningful relationship was detected between flexion endurance and the 
L3-L4 or L4-L5 joint angles. It appears that in this position abdominal endurance 
significantly reduces the amount of shear stress on the lumbar spine with no measurable 
effect on compressive stress or the amount of lumbar lordosis. 
In the erect position, the loads on the spine due to body segments and the weight 
lifted are supported more so by a direct axial load of the lumbar spine as opposed to an 124 
axial load due to a restorative moment generated by the spinal erectors. Further, because 
of the decreased trunk angle in the erect position, trunk shear forces are reduced 
dramatically. It is proposed here that abdominal muscular endurance is accompanied by 
increased IAP due to increased passive and active muscular tension. The IAP due to 
abdominal muscular endurance is likely much smaller then the IAP due to abdominal 
muscular strength. Since the loads on the spine are reduced during erect standing, it is 
possible that muscular endurance takes over the responsibilities for generating IAP. It is 
likely that in the erect standing position, it is muscular endurance and not so much 
muscular strength that is responsible for stabilizing the trunk (the mechanism of IAP and 
trunk stabilization is discussed below). If this is the case, this would explain why a 
significant correlation exists between abdominal endurance and reduced shear stress on 
the lumbar spine during erect standing. 
The previous research as to how IAP might unload the lumbar spine was 
presented in the foregoing section (see Discussion Pertaining to Disc Deformation and 
Support Belt Efficacy). The postulate presented here is an extension of McGill and 
Norman's (1993) hypothesis that IAP was likely related to a mechanism by which the 
lumbar spine is stabilized with little or no effect on reducing compressive loads. 
McGill and Norman (1993) suggested that "the spine can be likened to a flexible 
rod, under compressive loading it will buckle." Expanding on this theory, assume the 
spine and trunk behave as a column. Acute failures of the lumbar spine (tissue injuries) 
can be equated to a column buckling. Column buckling theory suggests that the buckling 
limit of a column can be elevated by increasing the area moment of inertia (I) or by 
providing lateral support to the column (Gere & Timoshenko, 1990). Abdominal strength 
and endurance might increase the buckling limit of the spine. The addition of abdominal 
strength and endurance should be accompanied by an increase in muscle mass. The added 
muscle mass should increase the area moment of inertia (I) of the trunk and spine, hence 
improving the buckling limit. Abdominal strength and endurance has a direct impact on 125 
active and passive muscular tension development. Greater abdominal muscular tension is 
associated with increased levels of IAP. The increase in IAP as a result of active and 
passive muscular tension acts directly against the posterior wall of the abdominal cavity. 
Essentially, the abdominal cavity acts a pressure vessel (Farfan, 1973). A normal directed 
force is applied equally to the entire internal surface area of the abdominal cavity. The 
posterior wall of the abdominal cavity is coincident with the anterior perspective of the 
lumbar functional units. The increase in IAP is directly applied to the functional units and 
thus supports the spinal column and improves stability. Additionally, the surface area of 
the posterior wall of the abdominal cavity acts as a "sail" connected to the lumbar spine 
which acts as it's mast. The sail effect collects the force exerted by IAP and lends itself to 
stabilizing the lumbar spine. This notion could best be visualized in the following manner: 
whatever pressure is exerted against the anterior abdominal cavity wall is the minimum 
pressure exerted against the lumbar spine. 
It is likely that IAP has a number of indirect effects on stabilizing the lumbar 
spine. Gracovetsky, Farfan, and Lamy (1981) postulated two theories as to how IAP 
could facilitate reduced compressive loading on the lumbar spine. First, increases in IAP 
facilitated through abdominal muscular contraction could created a hydraulic force causing 
a posterior tension on extensor tissue, thus generating a restorative moment. Second, 
internal oblique and transverse abdominis muscular contractions exert a lateral tension on 
the lumbodorsal fascia, shortening the fascia. Shortening of the fascia pulls the posterior 
spinous processes together via Poisson's effect. Thus, a restorative moment is generated, 
perhaps reducing compressive loading of the lumbar spine. The restorative moment 
theory forwarded by these authors was re-examined in latter works and deemed negligible 
(Macintosh, Bogduk, & Gracovetsky, 1987; McGill & Norman, 1988; Tesh, Dunn, & 
Evans, 1987). More likely, the impact of increased TAP on these structures is one of 
increasing the area moment of inertia and reducing the slenderness ratio of the lumbar 
spinal column. When these passive tissues are pre-stressed via TAP, they become active 126 
load bearing members of the column. As such, they enlarge the mass distribution, which 
in turn increases the area moment of inertia and the critical buckling limit. Increasing the 
mass distribution increases the radius of gyration. An increase in the radius of gyration 
reduces the slenderness ratio (a ratio of column length to radius of gyration), the square 
of the slenderness ratio is inversely proportional to the critical stress at buckling (Gere & 
Timoshenko, 1990). Spinal erector muscle action is essentially zero at the initiation of 
lifting activities when the trunk is in a flexed position (Calliet, 1988). Any support to the 
lumbar spine via increased IAP pre-stressing passive tissue would be of great importance 
in terms of minimizing the potential of the spine buckling. 
McGill and Norman (1993) discuss a similar effect: " the co-contracting 
musculature of the lumbar spine can perform the role of stabilizing guy wires to each 
lumbar vertebrae bracing against buckling." If McGill and Norman's hypothesis is valid, 
then the contention related to IAP and lumbar stabilization presented in the previous 
paragraphs most also hold some validity. 
In a similar manner, a support belt is proposed to act much the same as abdominal 
strength and endurance does. By constricting the abdominal cavity, the belt facilitates an 
increase in IAP. The rationale for how IAP stabilizes the lumbar spine was postulated in 
the previous paragraphs. Clearly, the magnitude of IAP and hence spinal stability, is then 
dictated by the tension of the belt (how tightly it is worn), and the elastic characteristics of 
the belt. It is likely that the spinal unloading effect afforded by the support belt in this 
study was masked during flexed trunk conditions, when abdominal muscular tension is 
great and breath holding is likely facilitated. During erect conditions, abdominal muscular 
tension is reduced and breath holding is less likely employed, thus the support belt's 
generation of IAP becomes significant. It could be suggested that the support belt acts to 
assist the abdominals in stabilizing the lumbar spine during conditions when abdominal 
tension is responsible for generating IAP. 127 
A hypothesis forwarded in Chapter 1 postulated that trunk isokinetic strength and 
abdominal endurance would correlate with reduced disc deformation and sacral angles. It 
was proposed that stronger isokinetic trunk strength and abdominal endurance would be 
reflected in reduced disc deformation measures, as well as reduced changes in the L3-L4 
and the L4-L5 joint angle. The goal of such a hypothesis was to provide evidence that 
strong trunk musculature and abdominal endurance aids in the support of the lumbar 
spine. The results presented suggest that abdominal strength is associated with reduced 
shear stress on the lumbar spine during flexed trunk conditions. Abdominal endurance is 
associated to reduced shear stress on the lumbar spine during erect trunk conditions. 
Spinal erector strength was not found to be related to the unloading of the lumbar spine in 
any position. However, it was found to be effective in maintaining normal lordosis 
during lifting tasks, once returned to the erect trunk position. 
The results support the contention that abdominal strength and endurance support 
the lumbar spine. Of great interest is the fashion in which the spine is supported, 
reduction of shear stress. Currently it is held that cumulative micro trauma to the disc 
endplates as a result of compressive loading leads to subsequent nutrient deprivation of 
the disc via disruption of the inbibition process. Disc degeneration results, with an ever 
increasing probability of injury (Calliet, 1988). It was suggested in Chapter 1 that 
mechanical behaviors exhibited by the disc suggest that discs fail in shear long before 
failing in compression. That being the case, failures at the disc endplate-annular fiber 
interface could then be hypothesized to be to a greater extent related to shear stress as 
opposed to compressive stress. While it was proposed earlier that acute failures of the 
spine can be likened to a column buckling, this eventual acute failure is no doubt impacted 
by the chronic degradation of the disc endplate due to shear and compressive loading. If 
abdominal strength and endurance are responsible for reducing shear stress on the lumbar 
spine, as the data suggest, then maintenance and/or development of such strength and 
endurance is imperative to disc health. Additionally, if spinal erector strength is associated 128 
with normal lumbar lordosis during lifting in the erect trunk position, then the 
development of such strength may reduce the risk of low back pain. 
Another point of interest relates to both belt wearing and abdominal strength. It is 
worthy of noting whether or not individuals in this study with weaker abdominals 
benefited more from wearing a support belt than did their counter-parts with stronger 
abdominals. In other words, in terms of reduced disc deformation, do subjects with 
weaker abdominals get a greater effect from wearing a support belt. In order to answer 
this question, subject data were divide into two groups based on isokinetic trunk flexion 
strength scores. The disc deformation data from the subjects in the group with the lowest 
flexion strength scores was analyzed. Comparisons between load belt and load no belt 
conditions were made via paired t tests. The results of these comparisons were in 
agreement with the results provided in Chapter IV for the between belted conditions for 
the subject group as a whole. The results suggest that belt wearing does not provide a 
greater effect in terms of reduced disc deformation for individuals with weaker 
abdominals. These results coincide with the findings of Smith et al. (1996). The authors 
reported that support belts did not provide a greater benefit (in terms of increased work 
capacity) to those with weaker abdominals as compared to those with stronger 
abdominals. 129 
Chapter VI 
Summary, Conclusions, and Recommendations for Future Studies 
Summary 
Workplace back disorders have emerged as the number one hazard to the work 
force (Imker, 1994). Approximately two-thirds of the work force will experience at least 
one serious incident of sciatica or back strain during the course of their lifetimes 
(Andersson, 1981; Pope, Andersson, Frymoyer, and Chaffin, 1991). The financial 
burden associated with occupational back disorders has been estimated to cost U.S. 
industry in excess of $50 billion dollars annually (Apts, 1992). 
In an effort to curb workplace injuries, many employers are encouraging their 
employees to use lumbar support belts. The most common of these is a lightweight, 
flexible, lumbosacral corset (Imker, 1994; M. Hause, personal communication, April, 
1995). Lumbar support belts are proposed to alleviate low back stress and thus reduce the 
risk of back injury. It has been postulated that these support belts might relieve lumbar 
region stress via spine intersegmental motion restriction, gross body motion restriction, 
direct transmission of loads through the support belt, and/or indirect transmission of 
loads via increased inner abdominal pressure (Lantz & Schultz, 1986). 
Research directed at resolving the efficacy of support belts has been inconclusive. 
The National Institute for Occupational Safety and Health's (MUSH) criteria document 
concerning this issue states: "the effectiveness of using back belts remains unproven" and 
"does not recommend the use of back belts to prevent injuries." 
The problem is that although research has been inconclusive, and neither NIOSH 
nor OSHA endorse their use, the number of back belts introduced into the workplace has 
steadily increased. The support belt market grew from 25,000 sold in 1987 to over 130 
8,000,000 purchased in 1993. Financial projections estimate that 25 million support belts 
will be sold in the year 1999 (John Alden Associates, 1994). 
The purpose of this study was to determine if support belts provide some measure 
of low back protection. It was proposed that if support belts were to alleviate stresses in 
the lumbar region, this stress reduction would be manifested in a reduced amount of 
lumbar disc deformation regardless of the mechanism responsible for such unloading. 
Lateral fluoroscopic images of the lumbar spine under load provided the means for the 
quantification of compressive and anterior shear deformation of the lumbar discs. In vivo 
compressive and anterior shear disc deformation between belted conditions served as the 
primary factor in determining the effectiveness of the support belt. The L3-L4 and L4-L5 
joint angles were also measured, as they have been correlated to forms of low back pain 
(Calliet, 1988) and served as a secondary measure of the degree of effectiveness of the 
support belt. Additionally, trunk isokinetic strength and abdominal endurance measures 
were collected and correlated with disc deformation levels under load. The goal was to 
determine if strong trunk musculature and abdominal endurance aid in the support of the 
lumbar spine. 
Lateral fluoroscopic images of the subjects under three different conditions were 
used to determine their effects on disc deformation and intervertebral joint angles. These 
three conditions were: from a stooped position with spine flexed to standing erect under 
no load without a support belt, from a stooped position with spine flexed to standing erect 
under load without a support belt, and from a stooped position with spine flexed to 
standing erect under load with a support belt. Three fluoroscopic images were collected 
for each of the three conditions. For each condition, the first image was collected at the 
initiation of the movement (stooped position with spine flexed), the second image was 
collected at mid-range of the movement, and third image was collected at the completion 
of the movement (standing erect). 131 
Prior to the image collections during the loaded conditions, the subjects were 
exposed to a stimulus period. The goal of the stimulus period was to assure that the 
subject's lumbar discs had reached hydrostatic equilibrium due to load lifted. The 
stimulus periods were comprised of the subjects performing a stooped lift with a 11.5 kg 
load at 4 repetitions per minute for 15 minutes. Once the stimulus period was complete, 
the subjects immediately were positioned for collection of the fluoroscopic images. The 
images were then collected in each of the three positions while the subjects again lifted the 
11.5 kg load. Prior to the unloaded condition and before either stimulus period, the 
subjects assumed the Fowler's position for 6 minutes. This procedure was intended to re­
establish hydrostatic equilibrium of the lumbar discs due to body weight alone and 
remove any residual disc deformation due to prior lumbar loading. 
Scans of the fluoroscopic images were made and imported into the software 
package Auto CAD (release 12) for data analysis. Disc deformation was characterized in a 
manner consistent with Kanayama et al. (1995), where local coordinate systems were 
established to define disc deformation and joint angles for the L3-L4 and L4-L5 
junctures. 
Trunk isokinetic extension strength was measured on a Kin Corn isokinetic 
machine. Subjects were positioned on the machine in such a manner that trunk extension 
strength was indicative of spinal erector strength. Trunk isokinetic flexion strength was 
also measured on the Kin Com. Subjects were positioned on the Kin Com in such a 
manner that trunk flexion strength was indicative of abdominal strength. Peak force levels 
measured over the range of motion during the course of four trials was considered 
maximum strength out put for the spinal erectors and abdominals. 
Trunk flexion endurance was measured via a 60 second curl-up test. During this 
curl-up test, the subjects were positioned in a prone position with their hips and knees 
flexed such that the heel of the foot neared the buttocks. In this position the hip flexors 
are de-activated, and the test measures the flexion endurance of the abdominal 132 
musculature specifically the rectus abdominis (Donate lle, Snow-Harter, & Wilcox, 
1995). 
Repeated measures analysis of variance and paired t-tests were used to determine 
if there were any differences between belted conditions for disc deformation and joint 
angles at the L3-L4 and L4-L5 junctures. Pearson product correlations were used to 
identify relationships between trunk strength and endurance, and disc deformation and 
joint angles. 
At the initiation of the movement (stooped position with spine flexed) and at mid­
range of the movement, the belt was found ineffective in terms of reducing compressive 
or shear deformation at the L4-L5 juncture. In the absence of any significant reduction of 
disc deformation during belted conditions, it is concluded that the support belt is not 
successful in reducing the amount of stress on the lumbar spine. 
At the completion of the movement (standing erect), the support belt was found to 
reduce disc deformation. Shear deformation was significantly reduced on the posterior 
aspect of the functional unit while compressive deformation was reduced on the anterior 
and posterior aspects L4-L5 juncture. A reduction of disc deformation is deemed 
indicative of reduced stress in the disc, and therefore it is concluded that the support belt 
is effective in reducing lumbar spine stresses while in this posture. 
A comparison of joint angles between conditions for the L4-L5 juncture at the 
completion of the lift (ie. standing erect) revealed no significant differences in mean joint 
angles. The results of this comparison suggest that the support belt is ineffective in terms 
of minimizing increases of the L4-L5 joint angle at the completion of the lift. Thus, the 
belt demonstrated no impact on the amount of lumbar lordosis in the erect position. 
Trunk isokinetic flexion strength was compared with compressive and shear disc 
deformation. At the initiation of the movement (stooped position with spine flexed), 
significant correlations between flexion strength and shear disc deformation were 
observed at the L3-L4 and L4-L5 junctures. At mid-range of the movement, significant 133 
correlations between isokinetic flexion strength and shear disc deformation were observed 
at the L4-L5 juncture. No relationship was detected between flexion strength and 
compressive disc deformation at either the L3-L4 or IA-L5 juncture. The data suggested 
that in flexed trunk positions, abdominal strength may significantly reduces the amount of 
shear stress on the lumbar spine with little or no effect on compressive stress. 
In the erect standing position, no meaningful relationship was detected between 
isokinetic trunk flexion strength and compressive or shear disc deformation. Additionally, 
no meaningful relationship was detected between isokinetic trunk flexion strength and the 
L3-L4 or L4-L5 joint angles. The data suggest that trunk flexion strength has no 
measurable impact on the amount of compressive or shear stress encountered by the 
lumbar spine or the amount of lumbar lordosis in the erect standing position. 
Trunk isokinetic extension strength was compared with compressive and shear 
disc deformation. No meaningful relationships were detected between extension strength 
and compressive or shear disc deformation, for any of the body positions during the lift. 
The lack of relationship between any of these variables suggests that spinal erector 
strength has no measurable impact on the amount of compressive or shear stress 
encountered by the lumbar spine during lifting tasks of this nature. A significant 
relationship was detected between isokinetic extension strength and the L4-L5 joint angle 
in the erect standing position. This relationship suggests that greater isokinetic trunk 
extension strength is associated with smaller increases in lumbar lordosis in this position. 
Trunk flexion endurance was compared with compressive and shear disc 
deformation. At the initiation of the movement (stooped position with spine flexed) and at 
mid-range of the movement, no significant relationships were detected between flexion 
endurance and shear or compressive disc deformation at either the L3-L4 or L4-L5 
juncture. Abdominal endurance appears to have no measurable impact on reducing 
compressive or shear stress encountered by the lumbar spine while in flexed trunk 
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At the completion of the movement (erect standing position), significant 
correlations between flexion endurance and shear disc deformation were observed at the 
L3-L4 juncture. No meaningful relationship was detected between flexion endurance and 
compressive disc deformation. It appears that in erect trunk positions, abdominal 
endurance significantly correlates with reduced shear stress on the lumbar spine with no 
measurable effect on compressive stress. 
In summary, it appears that lumbar support belts may reduce compressive and 
shear stresses encountered by the lumbar spine while in erect trunk positions with no 
effect on the amount of lumbar lordosis. The stress reduction benefits afforded by the belt 
do not appear significant while in flexed trunk positions. 
Abdominal strength appears to be associated with reduced amounts of shear stress 
on the lumbar spine during flexed trunk positions. A similar relationship was not 
detectable while the trunk was in the erect position. No relationships were detected 
between abdominal strength and compressive stress on the lumbar spine in any trunk 
position.  Spinal erector strength is related to the amount of lumbar lordosis while in 
the erect trunk position. No significant association was observed between spinal erector 
strength and compressive or shear stresses encountered by the lumbar spine in any trunk 
position. 
Abdominal endurance appears to be associated with reduced amounts of shear 
stress on the lumbar spine during erect trunk positions. A similar relationship was not 
detectable while the trunk was in flexed positions. No relationships were detected 
between abdominal endurance and compressive stress on the lumbar spine in any trunk 
position. 
Conclusions 
Within the limits of this study, it is concluded that: 135 
1. Lumbar support belts provide a measurable amount of stress reduction on the 
lumbar spine when the trunk is in the erect posture. 
2. Lumbar support belts do not provide a measurable amount of stress reduction 
of the lumbar spine when the trunk is in flexed postures. 
3. Lumbar lordosis is not favorably impacted while wearing a lumbar support 
belt. 
4. A significant inverse relationship exists between abdominal strength and shear 
stress in the lumbar spine while in flexed trunk positions. 
5. A significant inverse relationship exists between abdominal endurance and 
shear stress in the lumbar spine while in erect trunk positions. 
6. A significant inverse relationship exists between spinal erector strength and 
lumbar lordosis in the erect trunk position. 
Recommendations for Future Studies 
The results of this study were based on a pool of 12 male subjects averaging 50 
years of age. While the subject group was considered "normal" for 50 years of age, this 
definition of normal is not universal to all decades of life (see Discussion Pertaining to 
Subjects). To more adequately define the effectiveness of lumbar support belts, it would 
be advisable to duplicate the present study with a larger pool of subjects composed of a 
broader spectrum of age as well as gender. 
The current study utilized the NIOSH lifting equation to arrive at the intensity and 
frequency of lifts in order to induce intervertebral disc deformation. For a stimulus period 
of 15 minutes, the maximum weight allowed was 11.5 kgs at a frequency of 4 lifts per 
minute for stoop-type lifting. In a non-repetitive lifting event, the NIOSH lifting equation 
permits a load of 23 kgs to be lifted (Waters, Putz-Anderson, Garg, & Fine, 1993). It 
would be of interest to see what impact the support belt might have on lumbar stresses 136 
due to lifting the NIOSH upper limit for lifting tasks. Further, it would be of interest to 
see what impact the support belt would have on lumbar stresses during a maximal lifting 
attempt. 
Stoop-type lifting was the mode facilitated to induce intervertebral disc 
deformation. Stoop-type lifting restricted to one plane of movement is likely common in 
the workplace and was ideal for the analysis under taken in this study. However, it is 
more likely that coupled out-of-plane lifting movements predominate in the occupational 
work setting. A study examining the support belt's impact on disc deformation due to out 
of sagittal plane lifting patterns is essential to fully elucidating the effectiveness of the 
support belt in reducing lumbar stresses. 
The lumbar support belt used in this study was the Ergodyne Proflex 2000 SF®. 
This support belt is constructed of a light weight, elastic material. Velcro is used to secure 
the tightness of fit. The SF suffix referred to in the belt's name stands for "sticky fingers" 
which are rubber stays on the rear of the belt. These rubber stays secure the position of 
the belt on the trunk both laterally and longitudinally. A duplicate study where a thick 
leather power lifting belt is worn might provide quite different results. The latest power 
lifting belts facilitate a lever action buckle to secure tightness of fit and lends itself to a 
quick release of tension following lifting tasks. It could be postulated that such a belt 
could provide far greater potential for unloading the spine then the Ergodyne Proflex 
2000 SF®. 
In the current study, significant correlations were found to exist between trunk 
strength and endurance levels and stress reduction on the lumbar spine. A significant 
negative relationship existed between: abdominal strength and shear stress in the lumbar 
spine while in flexed trunk position, abdominal endurance and shear stress in the lumbar 
spine while in erect trunk positions, and spinal erector strength and lumbar lordosis while 
in erect trunk positions. To determine if there is a causal relationship between these 
variables, a longitudinal training study should be undertaken. The premise is that if trunk 137 
strength and endurance levels are increased via a strength and conditioning program, an 
accompanying reduction in lumbar stress should take place. Assuming that a causal 
relationship manifests itself, health care professionals would then have precedent for 
prescribing an exercise training program targeted at improving abdominal strength and 
endurance as well as spinal erector strength. In lieu of a longitudinal study of this sort, it 
would still be prudent to pursue a training program of this type. The data in this study 
support the contention that improving trunk strength and endurance may reduce the risk 
of low back injuries. 138 
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Appendix A
 
CONSENT FORM
 
TITLE:	  The Effects of a Lumbar Support Belt on Radiographic Characteristics of 
the Lumbar Spine 
INVESTIGATORS:	  Mark DeBeliso, B.S.M.E., John Erkkila, M.D., Ron 
McCrae R.T., Patrick O'Shea, Ph.D., Gerald Smith, 
Ph.D., & Anthony Wilcox, Ph.D. 
PURPOSE:	  The purpose of this study is to determine if wearing a lumbar 
support belt can provide a means of protecting the low back during 
lifting tasks. 
I have received an oral explanation of the study procedures and understand that they entail 
the following: 
Testing will be conducted at three separate sites: the Radiology Lab at the Corvallis 
Clinic, the Sports Medicine Lab in the Women's Building at Oregon State University, and 
the Corporate Fitness Center on location at Teledyne Wah-Chang. As a subject, I will 
report to each laboratory one time for the following procedures: 
1. Body measurements. My height, weight, and low back/hip flexibility will be 
measured at the Corporate Fitness Center on location at Teledyne Wah-Chang. 
2. Trunk strength measures. My low back and abdominal strength levels will be 
assessed on the Kin-Corn, which is a strength measuring device. While in a 
seated position, this test will require that I push against a lever arm on the Kin-
Com machine with my back (for back strength) and then my chest (for 
abdominal strength) with as much force as I can. I understand that I will be 
required to perform four maximal trials preceded by two warm-up trials for 
both the abdominals and the low back. I understand that I will perform a five 
minute warm-up followed by light stretching prior to having my trunk strength 155 
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levels measured. These measurements will be collected at the Sports Medicine 
Lab in the Women's Building at Oregon State University. 
3. Fluoroscopic Images. My low back will have fluoroscopic images taken of it 
under three separate conditions. (Fluoroscopic images are much the same as x-
rays except they can be collected with lower levels of radiation.) The first 
condition will consist of images being collected as I go from a stooped position 
to standing erect. The second condition will consist of images being collected 
while I lift a milk crate containing approximately 25 pounds. Prior to collecting 
the fluoroscopic images, I understand I will be required to lift the loaded milk 
crate (25 lbs.) from the floor to standing erect at a rate of 4 lifts per minute for 
15 minutes. The third condition is essentially a repeat of the second condition. I 
will be required to lift the loaded milk crate (25 lbs.) from the floor to standing 
erect at a rate of 4 lifts per minute for 15 minutes except that I will be wearing a 
back support belt while I lift the loaded milk crate. The third set of fluoroscopic 
images will be collected at this time. I understand that for each of these 
conditions I will have three fluoroscopic images taken of me, for a total of nine 
images. These measurements will be collected at the Radiology Lab of the 
Corvallis Clinic. 
I understand that my risks associated with participation are as follows: 
1. The amount of radiation I will be exposed to from the fluoroscopic images will 
be the equivalent of approximately 3 standard x-rays which is approximately 
two-thirds the amount of radiation of a standard lumbar examination 
(comprised of 5 x-rays). 
I understand that there is no known safe level of radiation exposure and that 
radiation has been linked to various forms of cancer. However, the radiation 
exposure levels which I will be exposed to are a fraction of the Maximum 
Permissible Dose levels for occupational workers. National governing bodies 
such as the National Council on Radiation Protection and the International 
Commission on Radiation Protection consider the risk of serious damage to 
individuals at this exposure level to be very low. 
2. My risk of injury from lifting the loaded milk crate (25 lbs.) is minimal as it is 
within the NIOSH (National Institute for Occupational Safety and Health) 156 
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standards for lifting tasks of this frequency and duration, which should be 
suitable for men and 90% of women when proper lifting techniques are used. 
3. My risk of injury is minimal while having my trunk strength measures collected 
as the Kin-Com is designed for rehabilitative purposes providing for controlled 
muscle contractions, and that muscle soreness may result from the crate lifting 
and trunk strength measures with only a minimal possibility of muscle strain. 
4. With both the lifting and the trunk strength measures, I will perform warm-up 
activities to further reduce my risk of injuries. I understand that I will be guided 
and supervised in these activities by trained personnel. 
I understand that Oregon State University does not provide a research subject with 
compensation or medical treatment in the event a subject is injured as a result of 
participation in the research project. 
I release Mark DeBeliso, John Erkkila, Ron McCrae and the Corvallis Clinic P.C. from 
any liability which may arise from my participation in the research effort. 
My identity will be kept confidential and will not be used in any way in the publication or 
presentation of the findings of this investigation. Additionally, data collected of my 
person will not be made available to my employer or industrial physicians. However, I 
realize the data from the group as a whole will be made available in research publications 
and presentations. 
The benefits of my participation in this study include the following: increased awareness 
of proper posture and lifting mechanics, knowledge of the proper use of a back support 
belt, access to fluoroscopic images of the low back for current or future reference, 
knowledge of trunk strength measures, and contributing to scientific study of back 
support belts which ultimately serves the industrial workforce. 
I understand that my participation in the project will entail one laboratory session at each 
of the following locations: the Corporate Fitness Center on location at Teledyne Wah-
Chang (15 minutes), the Sports Medicine Lab in the Women's Building at Oregon State 
University (30 minutes), and the Radiology Lab of the Corvallis Clinic (120 minutes). 157 
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I have been completely informed about and understand the nature and purpose of this 
research. The researchers have offered to answer any further questions that I may have. I 
understand that my participation in this study is completely voluntary and that I may 
withdraw at any time without prejudice or loss of benefits to which my participation 
entitles me. 
If any questions arise during my participation in this research project, I am to call Mark 
DeBeliso at 541-929-2728 or Gerald Smith at 737-5928. 
I have read the forgoing and agree to participate in this study. 
Subject's Signature  Date 
Subject's Address 
Investigator's Signature  Date 
Witness  Date 158 
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Medical Questionnaire 
The following questions are intended to assess your current and prior back health. 
This is to insure only subjects with healthy backs are included in the lumbar support belt 
study for which you have volunteered. The results of this questionnaire may exclude you 
from the data collection portions of this study. However, you will still be able (and 
encouraged) to participate in the back wellness program sponsored by your company 
Teledyne Wah-Chang. 
Please take your time and answer the following questions honestly. Under no 
circumstances will this information be made available to your employer or industrial 
physicians (ie. the results are completely confidential). A physician serving as medical 
advisor for this study will review your responses to determine your suitability for 
inclusion in this study. If you need more space to write, continue on the backside of this 
form. 
1. Do you have any known back problems? 
2. Have you ever had any problems with back or leg pain(s), and if so, how long did the 
pain(s) last and when was the last occurrence of such pain(s)? 
3. Have you ever been hospitalized for back or leg pain(s)? 
4. Have you ever had back surgery or disc injection(s), if so, for what? 
5. Have you ever been to a chiropractor, if so for what? 
6. Have you ever had back x-rays, if so, how long ago? 
7. For women only: Have you ever had a hysterectomy or have you experienced 
menopause? 
I believe the aforementioned responses accurately reflect my current and prior back 
health. 
Signature  Date 159 
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Table 9 
Individual Raw Intervertebral Disc Coordinates; No Load No Belt 
L3-4  B  C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  Si  1.3372  0.3773  0.0288  0.3297  2.1 
S2  1.6769  0.5769  -0.0486  0.5525  0.8 
S3  1.3714  0.4285  0.0386  0.1594  11.4 
S4  1.3242  0.4853  -0.0332  0.4073  3.3 
S5  1.5672  0.4628  0.0315  0.4725  -0.4 
S6  1.4476  0.3735  0.0222  0.3878  -0.6 
S7  1.6592  0.4470  0.0445  0.4262  0.7 
S8  1.2724  0.3293  0.0078  0.4613  -6.0 
S9  1.4798  0.3870  -0.0582  0.5795  -7.1 
S10  1.5206  0.4432  -0.0275  0.2734  6.3 
Sll  1.6810  0.4469  0.0431  0.4752  -1.0 
S12  1.3715  0.5493  -0.0386  0.3589  7.7 
Mid-Range  Si 
S2 
1.3307 
1.6678 
0.3935 
0.5949 
0.0277 
-0.0564 
0.2658 
0.5241 
5.6 
2.4 
S3  1.2787  0.5082  -0.0355  0.1555  15.1 
S4  1.2188  0.5636  -0.1090  0.2710  12.4 
S5  1.5119  0.5095  -0.0185  0.3813  4.8 
S6  1.3860  0.4865  -0.0230  0.2715  8.7 
S7  1.6519  0.4677  0.0379  0.4198  1.7 
S8  1.2647  0.3372  -0.0049  0.4055  -3.1 
S9  1.4536  0.4208  -0.0906  0.5555  -5.0 
S10  1.5133  0.4551  -0.0310  0.2527  7.5 
Sll  1.6407  0.4627  0.0025  0.4614  0.0 
S12  1.3484  0.6015  -0.0464  0.3202  11.4 
Erect  Si  1.2030  0.5277  -0.0634  0.1955  14.7 
S2  1.5417  0.7647  -0.1318  0.3439  14.1 
S3  1.2452  0.5783  -0.0472  0.1527  18.2 
S4  1.1464  0.6337  -0.1538  0.2361  17.0 
S5  1.4354  0.6211  -0.0550  0.2506  14.0 
S6  1.3450  0.4986  -0.0532  0.2217  11.2 
S7  1.5842  0.5987  -0.0069  0.3232  9.8 
S8  1.1645  0.5150  -0.0827  0.2675  11.2 
S9  1.4000  0.5729  -0.1385  0.3837  7.0 
S10  1.4785  0.5225  -0.0469  0.2085  11.6 
Sll  1.5829  0.5303  -0.0447  0.3447  6.5 
S12  1.3132  0.6326  -0.0577  0.2516  15.5 160 
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Table 9, (Continued)
 
Individual Raw Intervertebral Disc Coordinates: No Load No Belt
 
L4-5  B  C 
Flexed  S1 
x (mm) 
1.1178 
y (mm) 
0.4960 
x (mm) 
-0.0572 
y (mm) 
0.2712 
angle (degrees) 
10.8 
S2  1.7122  0.5775  0.0505  0.6292  -1.8 
S3  1.2013  0.4541  -0.0718  0.2051  11.1 
S4  1.3277  0.5104  0.0565  0.3812  5.8 
S5  1.5571  0.4405  -0.0193  0.3987  1.5 
S6  1.3655  0.3468  -0.0103  0.3162  1.3 
S7  1.5687  0.5643  -0.0407  0.4494  4.1 
S8  1.2690  0.3942  0.0310  0.5281  -6.2 
S9  1.3091  0.4137  -0.1152  0.3593  2.2 
S10  1.4679  0.4166  -0.0354  0.3292  3.3 
Sll  1.5103  0.3881  -0.0803  0.2257  5.8 
S12  1.2777  0.5567  -0.0050  0.2823  12.1 
Mid-Range  Si 
S2 
1.0990 
1.6656 
0.5226 
0.6182 
-0.0618 
0.0031 
0.2419 
0.6090 
13.6 
0.3 
S3  1.1737  0.5282  -0.0903  0.1876  15.0 
S4  1.2686  0.5665  0.0234  0.2798  13.0 
S5  1.4998  0.4842  -0.0686  0.3197  6.0 
S6  1.3555  0.3837  -0.0156  0.2654  4.9 
S7  1.5392  0.5783  -0.0637  0.3933  6.6 
S8  1.2656  0.4000  0.0257  0.5156  -5.3 
S9  1.3016  0.4378  -0.1198  0.3320  4.3 
S10  1.4493  0.4475  -0.0513  0.3215  4.8 
Sll  1.5011  0.3882  -0.0907  0.2367  5.4 
S12  1.2442  0.5930  -0.0160  0.2291  16.1 
Erect  Si  1.0171  0.6196  -0.0918  0.1706  22.0 
S2  1.5295  0.7690  -0.0862  0.3772  13.6 
S3  1.1282  0.5769  -0.1165  0.1713  18.0 
S4  1.0595  0.7334  -0.0835  0.1623  26.5 
S5  1.4249  0.5959  -0.0986  0.1888  15.0 
S6  1.2803  0.5076  -0.0570  0.1827  13.7 
S7  1.4748  0.6535  -0.0979  0.2925  12.9 
S8  1.1619  0.6023  -0.0585  0.3543  11.5 
S9  1.2246  0.6288  -0.1412  0.2211  16.6 
SIO  1.3360  0.5857  -0.1094  0.1633  16.3 
Sll  1.4911  0.3968  -0.0959  0.2013  7.0 
S12  1.2208  0.6460  -0.0219  0.2263  18.7 161 
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Individual Raw Intervertebral Disc Coordinates; Load No Belt
 
L3-4  B  C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  Si  1.3634  0.3197  0.0542  0.3043  0.7 
S2  1.6758  0.5471  -0.0498  0.5316  0.5 
S3  1.3768  0.4265  0.0280  0.2466  7.6 
S4  1.3184  0.4250  -0.0353  0.2983  5.3 
S5  1.5919  0.4312  0.0565  0.4625  -1.2 
S6  1.4028  0.4103  -0.0200  0.3245  3.4 
S7  1.7123  0.4486  0.0990  0.3791  2.5 
S8  1.2579  0.3188  -0.0129  0.3606  -1.9 
S9  1.4637  0.3884  -0.0744  0.5809  -7.1 
S10  1.5877  0.3603  0.0347  0.2430  4.3 
Sll  1.6286  0.3714  -0.0071  0.4604  -3.1 
S12  1.3978  0.5680  -0.0052  0.3312  9.6 
Mid-Range  Si 
S2 
1.2817 
1.6575 
0.4262 
0.5625 
-0.0215 
-0.0662 
0.3015 
0.4800 
5.5 
2.7 
S3  1.3516  0.4462  0.0065  0.2403  8.7 
S4  1.2765  0.5094  -0.0573  0.2453  11.2 
S5  1.5679  0.4431  0.0328  0.4000  1.6 
S6  1.3958  0.4268  -0.0229  0.2880  5.6 
S7  1.7031  0.4666  0.0911  0.3706  3.4 
S8  1.2206  0.3196  -0.0508  0.3088  0.5 
S9  1.4668  0.3821  -0.0798  0.4857  -3.8 
S10  1.5318  0.4128  -0.0159  0.2382  6.4 
S 11  1.6540  0.4487  0.0163  0.4112  1.3 
S12  1.3634  0.5890  -0.0326  0.3141  11.1 
Erect  Si  1.2232  0.5195  -0.0363  0.1619  15.9 
S2  1.5520  0.7240  -0.1216  0.3032  14.1 
S3  1.2495  0.5377  -0.0471  0.1249  17.7 
S4  1.1476  0.6192  -0.1414  0.1865  18.6 
S5  1.4452  0.5989  -0.0440  0.2234  14.1 
S6  1.3742  0.4594  -0.0272  0.1986  10.5 
S7  1.6027  0.5996  0.0186  0.2863  11.2 
S8  1.1686  0.5040  -0.0741  0.2351  12.2 
S9  1.4201  0.5125  -0.1214  0.3493  6.0 
S10  1.4973  0.4805  -0.0338  0.1955  10.5 
Sll  1.5955  0.5211  -0.0266  0.2924  8.0 
S12  1.3224  0.6083  -0.0530  0.2437  14.8 162 
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Individual Raw Intervertebral Disc Coordinates; Load No Belt
 
L4 -5  B  C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  Si  1.2009  0.4060  0.0134  0.2606  7.0 
S2  1.6951  0.5534  0.0326  0.5459  0.3 
S3  1.2287  0.4697  -0.0604  0.2420  10.0 
S4  1.3369  0.4566  0.0687  0.3005  7.0 
S5  1.5677  0.4111  -0.0090  0.3863  0.9 
S6  1.3181  0.3541  -0.0558  0.2759  3.3 
S7  1.5758  0.5297  -0.0284  0.3567  6.2 
S8  1.3123  0.3566  0.0745  0.4928  -6.3 
S9  1.3613  0.4150  -0.0634  0.3732  1.7 
S10  1.4933  0.3715  -0.0110  0.3038  2.6 
Sll  1.4964  0.3705  -0.0955  0.2202  5.4 
S12  1.2745  0.5783  0.0039  0.2525  14.4 
Mid-Range  Si 
S2 
1.1520 
1.6626 
0.4767 
0.5936 
-0.0223 
0.0020 
0.2488 
0.5135 
11.0 
2.8 
S3  1.2148  0.4780  -0.0727  0.2410  10.4 
S4  1.2658  0.5212  0.0184  0.2443  12.5 
S5  1.5266  0.4225  -0.0464  0.3114  4.0 
S6  1.3148  0.3615  -0.0525  0.2052  6.5 
S7  1.5373  0.5552  -0.0668  0.3800  6.2 
S8  1.2869  0.3590  0.0481  0.4852  -5.8 
S9  1.3450  0.4286  -0.0786  0.3593  2.8 
S10  1.4907  0.3587  -0.0141  0.3028  2.1 
Sll  1.5054  0.3829  -0.0842  0.2104  6.2 
S12  1.2476  0.5917  -0.0124  0.2268  16.2 
Erect  Si  1.0175  0.6074  -0.0738  0.1173  24.2 
S2  1.5300  0.7432  -0.0763  0.3145  14.9 
S3  1.1495  0.5493  -0.0967  0.1483  17.8 
S4  1.0826  0.7133  -0.0665  0.1545  25.9 
S5  1.4620  0.5501  -0.0615  0.1431  15.0 
S6  1.3088  0.4721  -0.0334  0.1682  12.8 
S7  1.4832  0.6395  -0.0788  0.2346  14.5 
S8  1.1834  0.5665  -0.0378  0.3230  11.3 
S9  1.2454  0.5626  -0.1361  0.2116  14.3 
S10  1.3518  0.5446  -0.1025  0.1541  15.0 
Sll  1.5084  0.3705  -0.0774  0.1661  7.3 
S12  1.2287  0.6336  -0.0174  0.2240  18.2 163 
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Individual Raw Intervertebral Disc Coordinates; Load Belt
 
L3-4  B  C 
x (mm)  y (mm)  x (mm)  y (mm)  angle (degrees) 
Flexed  Si  1.3804  0.3198  0.0712  0.3159  0.2 
S2  1.6880  0.5485  -0.0366  0.4896  2.0 
S3  1.3693  0.4322  0.0205  0.2527  7.6 
S4  1.2991  0.5186  -0.0446  0.3109  8.8 
S5  1.5757  0.4456  0.0401  0.4630  -0.6 
S6  1.4334  0.3727  0.0085  0.3372  1.4 
S7  1.6504  0.4548  0.0357  0.4727  -0.6 
S8  1.2412  0.3061  -0.0284  0.3762  -3.2 
S9  1.4731  0.4107  -0.0663  0.5923  -6.7 
510  1.5453  0.4157  -0.0031  0.2477  6.2 
511  1.6644  0.3754  0.0290  0.4693  -3.3 
S12  1.3837  0.5384  -0.0272  0.3540  7.4 
Mid-Range  Si 
S2 
1.3158 
1.6382 
0.3516 
0.5547 
0.0073 
-0.0853 
0.3079 
0.4684 
1.9 
2.9 
S3  1.3248  0.4827  -0.0131  0.2343  10.5 
S4  1.2421  0.5231  -0.0876  0.2392  12.1 
S5  1.5667  0.4491  0.0310  0.4366  0.5 
S6  1.3903  0.3933  -0.0319  0.2970  3.9 
S7  1.6459  0.4763  0.0312  0.4634  0.5 
S8  1.2148  0.3177  -0.0558  0.3657  -2.2 
S9  1.4340  0.4708  -0.1151  0.5243  -2.0 
S10  1.5256  0.4220  -0.0213  0.2414  6.7 
511  1.6512  0.4603  0.0135  0.4227  1.3 
S12  1.3528  0.5828  -0.0429  0.3060  11.2 
Erect  Si  1.2072  0.5203  -0.0585  0.1855  14.8 
S2  1.5464  0.7447  -0.1271  0.3239  14.1 
S3  1.2625  0.5442  -0.0382  0.1447  17.1 
S4  1.1468  0.6326  -0.1422  0.1999  18.6 
55  1.4354  0.6126  -0.0542  0.2389  14.1 
S6  1.3559  0.4697  -0.0454  0.2089  10.5 
S7  1.6058  0.5974  0.0198  0.2940  10.8 
S8  1.1671  0.5090  -0.0788  0.2552  11.5 
S9  1.4158  0.5567  -0.1211  0.3550  7.5 
S10  1.4953  0.4841  -0.0364  0.2020  10.4 
511  1.5919  0.5216  -0.0335  0.3176  7.2 
S12  1.3170  0.6191  -0.0561  0.2462  15.2 164 
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Individual Raw Intervertebral Disc Coordinates; Load Belt
 
L4-5  B  C 
Flexed  S1 
x (mm) 
1.1676 
y (mm) 
0.4514 
x (mm) 
-0.0198 
y (mm) 
0.3061 
angle (degrees) 
7.0 
S2  1.6942  0.5501  0.0317  0.5499  0.0 
S3  1.2182  0.4870  -0.0839  0.2491  10.4 
S4  1.3373  0.4634  0.0597  0.4430  0.9 
S5  1.5582  0.4340  -0.0181  0.3876  1.7 
S6  1.3452  0.3888  -0.0289  0.3134  3.1 
S7  1.5442  0.5457  -0.0658  0.4389  3.8 
S8  1.2857  0.3792  0.0453  0.4888  -5.0 
S9  1.3669  0.4055  -0.0563  0.3263  3.2 
S10  1.4736  0.4010  -0.0293  0.3059  3.6 
Sll  1.5225  0.3681  -0.0681  0.2057  5.8 
S12  1.2778  0.5534  -0.0029  0.2697  12.5 
Mid-Range  Si 
S2 
1.1340 
1.6819 
0.4609 
0.5747 
-0.0447 
0.0213 
0.2567 
0.4945 
9.8 
2.8 
S3  1.1896  0.4927  -0.0928  0.2293  11.6 
S4  1.2509  0.5405  0.0036  0.2636  12.5 
S5  1.5264  0.4257  -0.0497  0.3729  1.9 
S6  1.3269  0.4203  -0.0409  0.2689  6.3 
S7  1.5248  0.5779  -0.0786  0.3975  6.4 
S8  1.2805  0.3859  0.0392  0.4856  -4.6 
S9  1.3486  0.4509  -0.0705  0.3175  5.4 
S10  1.4879  0.3712  -0.0164  0.3030  2.6 
Sll  1.4986  0.3929  -0.0910  0.2204  6.2 
S12  1.2573  0.5757  -0.0075  0.2281  15.4 
Erect  Si  1.0341  0.6163  -0.0747  0.1673  22.0 
S2  1.5328  0.7392  -0.0828  0.3471  13.6 
S3  1.1519  0.5615  -0.0928  0.1559  18.0 
S4  1.0773  0.7164  -0.0718  0.1577  25.9 
S5  1.4438  0.5734  -0.0750  0.1489  15.6 
S6  1.2904  0.4944  -0.0478  0.1735  13.5 
S7  1.4851  0.6422  -0.0884  0.2850  12.8 
S8  1.1782  0.5936  -0.0438  0.3535  11.1 
S9  1.2293  0.6239  -0.1364  0.2159  16.6 
S10  1.3455  0.5473  -0.1089  0.1568  15.0 
Sll  1.5058  0.3745  -0.0811  0.1790  7.0 
S12  1.2246  0.6373  -0.0208  0.2254  18.3 165 
Appendix D 
Table 10 
Correlation Coefficients 
Flexed 
Flexion Strength 
Extension Strength 
Flexion Endurance 
L3-4 
B 
x 
-.57 
.10 
.47 
y 
.49 
.31 
-.34 
C 
x 
-.68 
-.06 
.22 
y 
.32 
.47 
.18 
Angle 
.07 
-.04 
-.30 
L4-5 
B 
x 
-.59 
-.16 
.31 
y 
.49 
.05 
-.08 
C 
x 
-.74 
-.22 
.33 
y 
-.24 
.45 
.18 
Angle 
.41 
.05 
-.10 
Mid-Range 
Flexion Strength 
Extension Strength 
Flexion Endurance 
L3-4 
B 
x 
-.39 
.32 
.47 
y 
.45 
-.18 
-.40 
C 
x 
-.37 
.13 
.38 
y 
.28 
.44 
.20 
Angle 
.16 
-.32 
-.37 
L4-5 
B 
x 
-.51 
-.17 
.27 
y 
.41 
-.06 
.01 
C 
x 
-.60 
-.27 
.25 
y 
-.45 
.13 
.11 
Angle 
.40 
.10 
-.03 
Erect 
Flexion Strength 
Extension Strength 
Flexion Endurance 
L3-4 
B 
x 
.37 
.16 
-.75 
y 
-.46 
-.50 
-.11 
C 
x 
.07 
-.22 
-.74 
y 
.07 
.45 
-.31 
Angle 
-.42 
-.60 
.06 
L4-5 
B 
x 
.38 
.43 
-.01 
y 
-.37 
-.33 
.22 
C 
x 
.09 
.37 
.09 
y 
.37 
-.05 
-.14 
Angle 
-.39 
-.17 
.14 